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THE UTILIZATION OF ENERGY-PRODUCING NUTRI¬ 
MENT AND PROTEIN IN WHITE AND YELLOW CORN 
AND IN DIETS DEFICIENT IN VITAMINS A, D, AND G • 

By Winfred W. Braman, associate professor of anitnal nutrition; Alex Black, 

O. J. Kahlenbbrg, and LeRoy Vorib, instructors in animal nutrition; R. W. 

Swift, assistant professor of animal nutrition^ and E. B. Forbes, directory 

Institute of Animal Nutrition, Pennsylvania Agricultural Experiment Station 

A COMPARISON OF THE NUTRITIVE VALUE OF YELLOW AND 

WHITE CORN 2 

Many feeding experiments have been conducted for the purpose of 
comparing the efficiency of white and yellow corn in providing the 
requirements of maintenance and growth of animals; but in few of 
these experiments has the composition of the body increase been 
deU'rmined, and in none has there been a complete accounting for the 
food energy. 

REVIEW OF LITERATURE 

vSteenbock and Boutwell {32)i^ compared two rations containing 
85 percent of yellow dent corn and 85 percent of white corn, respec¬ 
tively. They found that the yellow corn ration gave from good to 
normal growth, while the white corn ration failed to promote growth, 
and in some cases even failed to provide the requirements of main¬ 
tenance. In the one case in which a white corn ration appeared to 
produce growth close inspection revealed the presence of some yellow 
pigment in the white corn, 

Steenbock and (toward {S3) demonstrated the superior value, for 
growth, of yellow corn over white corn, and also located the vitamin 
A in the pigment of the endosperm. 

Flaps {H) compared varieties of corn, as to vitamin A (content, in 
experiments with rats, by Sherman and Munseirs {29\ unit method, 
with preliminary depletion of the subjects as to vitamin A, and also 
by a so-called ration method”, in the use of which there was no pre¬ 
liminary depletion of the rats, the vitamin A being measured by the 
gain in weight of the animals. 

The unit method showed 1 g of yellow corn to contain 2.5 to 8 units 
per gram, while the vitamin A in most of the samples of white corn 
was very low—1 unit in 25 to 35 g. Some samples of white com, 
however, contained 1 unit in 2 to 5 g of corn—which was considered 
as possibly resulting from crossing with yellow corn. Season and soil 
appeared to have some effect on vitamin values. 

» Received for imblication July 25, 1934; Issued April 1935. Technical paper no 648. 

* The studies of the comparative nutritive value of yellow and white corn were conducted by Braman, 
Black, V^oris, and Forbes; those on the effetris of vitamin A deficiency (pp. 13-19) by Braman, .Black, and 
Forbes; those on the effects of vitamin D deficiency (pp. 19-26) by Braman, Black, Swift, and Forbes; 
and those on the effects of vitamin Q deficiency (pp. 26-34) by Swift, Kahlenberg, and Forbes. 

3 Reference is made by number (italic) to Literature Cited, p. 36. 


Journal of .\gricultural Research, yol. 50, no. 1 

Washington, D. C. Jan. 1, 1935 

Key no. P8.-49 

1 


122814—35-1 







2 


Journal of Agri^ivltural Research 


Vol. «0, no. 1 


Russell (26) found yellow dent corn to be about 50 percent richer in 
vitamin A than white-capped yellow dent corn. 

Hauge, as reported by Skinner (SO), studied three varieties of corn, 
Woodburn, with deep yellow endosperm, Reid Yellow Dent, with 
medium yellow endo^erm, and Clement, which contained a smaller 
amount of yellow. T^e content of vitamin A varied with the depth 
of the yellow in these varieties. 

Hauge and Trost (14)f in studies of inheritance of vitamin A in 
maize, found it to be transmitted exclusively with the yellow endo¬ 
sperm, through the process of crossing and segregation. 

Palmer {23) and Palmer and Kennedy {24) investigated the carot- 
inoids and their relation to growth and reproduction in rats. They 
concluded that the rat itself contains no carotinoids. Growth and 
reproduction of rats were maintained on a diet in which the sole source 
of fat-soluble vitamin was ewe^s milk fat containing only 0.00014 
percent carotene. Carotinoid-free egg yolk, as the sole source of vitamin 
A, also served the requirements of growth and re})rodu(*tion in rats. 

Potter {25) found that the McIntosh apple, which has white flesh, 
has a vitamin A potency at least equal to that of two varieties with 
yellow flesh—Red Delicious and Golden Delicious—and concluded, 
therefore, that the presence of yellow pigment in the apple is not 
related to vitamin A potency. 

The invariable presence of a yellow pigment with vitamin A, there¬ 
fore, is not accepted as a fact. Further, the yellow pigment in a 
feeding stuff is sometimes so located that casual observation does not 
reveal its presence. The pigment in corn is located in the endospenn, 
but the outside of the kernel may be white, and may obscure this 
yellow color. Even when the corn is finely ground the pigment may 
not be in evidence to superficial inspection. 

Kick and Bethke (f5), in experiments on the effects of storage of 
corn, found very little if any destruction of vitamin A even when 
whole, cracked, or finely ground yellow corn was kept for as long as a 
year. 

Practically all of the measurements of vitamin A value, especially 
by the use of rats, have had as their criterion simply the increase in 
growth of the animals; but Mitchell and C/arinan {2]) went further 
and studied the utilization of food energy in growing rats and the 
composition of the gains in weight. They showed that— 
a gain in weight of the live rat, even for a definite age, from a definite initial weight 
and during a feeding period of definite length, is not a definite measure of the 
nutritive effect of the food, 

Sampson and Korenchevsky {28) raised a question as to whether 
the changes produced in body weight and in the deposition of fat, 
especially with male rats, on a vitamin A deficient diet, was due to 
this deficiency alone or to a resulting decrease in appetite and in food 
consumption. They concluded that vitamin A has both an appetite- 
producing and an anabolic effect. 

The object of the experiment to be discussed was to compare the 
energy and nitrogen metabolism of rats on two rations of the same 
gross energy content and of the same gross composition, except that 
one ration contained yellow and the other white com. 

PRELIMINARY EXPERIMENT 

A first trial, of incomplete character, was made with yellow corn and 
lyhite com which were purchased locally, but were of unknown varie- 
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ties and origin. After the corn was ground, the yellow com meal was 
decidedly yellow, while the white com meal was dead white in color. 
The composition of the rations was as follows: 


YELLOW CORN RATION 


Percent 

Yellow' corn.... .70. 00 

Crisco_- .. _ 10. 00 

Starch... .. 3.00 

NaCl_ _ 1. 00 

Osborne and Mendel salts_ 4. 00 

Casein (vitamin-A-free) _ _ _12.00 


100. 00 


WHITE CORN RATION 


Percent 

White corn_ 70. 00 

Crisco_ 10. 80 

Gelatin_ _ .29 

Starch__ _ 1, 91 

NaCl_ 1. 00 

Osborne and Mendel salts_ 4. 00 

Casein (vitainin-A-free)_12.00 


100 . 00 


The yellow corn ration contained 2.87 percent N (17.94 percent 
protein) and 4,276 calories per gram, while the white corn ration con¬ 
tained 2.89 percent N (18.06 percent protein) and 4,375 calories per 
gram. 

Viosterol of a potency of 250 D was added to each ration in the 
amount of 0.00066 g per 100 g of other components; and one tablet 
of Harris yeast vitamin (weighing on an average 0.1112 g) was fed 
daily to each rat. 

Tlie casein used was Harris casein, vitamin-B-free. This was 
washed, to remove vitamin A, by boiling in 95-percent alcohol, for 
2 periods of 4 hours each, after which it was dried for 4 days in an 
oven. Tlie vitamin A content of the casein was then tested by feeding 
it, in the following diet, to 4 rats: Casein 18 parts, starch 78 parts, 
Osborne and Mendal salt mixture 4 parts. Viosterol and yeast were 
fed daily apart from the remainder of the diet. 

The experimental animals in the corn-feeding experiment were 
six pairs of weanling albino rats. The members of each pair were of 
the same age, litter, and sex, and were of about the same weight 
(40 g) when weaned at 28 days of age. 

The rats were fed by the paired feeding niethod, as described by 
Swift, Kahlenberg, Voris, and Forbes (54), in the first paper of this 
series, and use was also made of the same control group of 10 rats, 
as in the study mentioned, as a basis of computation of the composi¬ 
tion of the bodies of the rats at the beginning of this corn-feeding 
experiment. 

One rat of each pair was fed the yellow, and the other the white 
corn ration. They were fed daily for 13 weeks, the members of each 
pair of rats receiving the same quantity of feed, and therefore essen¬ 
tially the same quantities of nitrogen and energy. 

The rats were kept in individual cylindrical cagesj 8 inches in 
diameter, made of 3-mesh hardware cloth, the cages resting in shallow 
metal pans. The urine was not saved in tins preliminary experiment, 
but was absorbed by paper toweling in the metal pans. The feces 
were collected daily, and were analyzed at the end of the experiment 
as one sample for each rat. 

Daily feed records were kept, and the body weight of each rat was 
recorded every third day. At the end of the 13 weeks^ feeding the 
rats were killed by gas, the body weights were recorded (1) as gross 
weight, and (2) after the removal of the intestinal contents. The 
bodies were then dried in vacuum and extracted with ether 


< The work of this preliminary experiment, to the time of extraction of the rats, was performed by B. C. 
Miller, instructor in animal nutrition at the Pennsylvania station. 
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The data observed from this group of rats were the ether extract 
and the energy of the ether extract of the rat bodies, the nitrogen and 
the energy of the ether-extracted bodies, and the nitrogen and the 
energy oi the feces; and, by subtraction of corresponding data 
from the control group, which has been mentioned, the gains of the 
rats which received the diets compared were computed. 

In the feeding of these rats there were 116 refusals of feed, 75 by 
the rats on the white corn ration and 41 by the rats on the yellow 
corn ration. This deviation of 17 from the normal outcome is 3.15 
times the standard deviation of 5.39, and would occur by chance only 
once in 727 trials. This signifies that the yellow corn ration was 
definitely the more palatable of the two. 

After 92 to 93 days* feeding, the rats on the white corn ration alone 
manifested symptoms of xerophthalmia, and in another day the 
experiment was terminated. The data obtained from the 6 pairs of 
rats are sliown in tables 1 to 4. 


Table 1 . —Gain in live weight * of rata fed yellow corn ration and white corn ration 
as rrdated to dry matter of food 



1 liate.s fed yellow corn | 

i 1 

Pats fed white corn 

Pair no. 

Footl 1 
eaten (dry 
matter) 


Uatio of 

Food 

eaten (dry 
matter) 


Ratio of 


Uam in 
live weight 

gain to 
dry matter 
of food 

(lain in 
li\e weight 

1 

1 

gam to 
dr> matter 
of food 


Grama 

Grama 

Percent 

Grarna 

Grams 

Percent 

1... 

589 0 

122 0 

22.6 

546 9 

107 0 ! 

19.6 

2. 

f)IO 9 

196 0 

32.1 

619 9 

159 0 1 

25 6 

3__. 

529.1 

127 0 

24 0 

537. S 

113 0 

21 0 

4--- . .- 

457. G 

184 0 

29.3 

46:1.4 

1(K> 0 

22 9 

5 _ 

484.9 

114 0 

Xi 5 

494 8 

100.0 

20 2 

6..:.. — .| 

54G. I 

182.0 1 

33 3 

554 1 

140 0 

25 3 

Averaitc- ..j 

527 9 

145 8 

27 5 

536 2 

1 

120 H 

22 4 


‘ Contents of alimentary tract included. 


Table 2. —Energy of body gain of rats fed yellow corn ration and white corn ration 

as related to energy of food 



Rath fed yedow corn 

Rats fed white corn 

Body gain of 
energy of white 
corn rats as 
percentage of 
gam of pair 
mate 

Pair no. 


Body gain 


Body gam 


Food 

energy 

Total 

As per¬ 
centage of 
food energy 

Food 

energy 

Calories 
2,612 
2,962 
2, .568 
2,362 
2,647 

Total 

Calories 
253.1 

463.8 

337.8 
342.4 
426 6 

As per¬ 
centage of 
food energy 


Calories 
2, 553 
2,896 
2,506 
2,297 
2,588 

Calories 

384.3 
544,6 

377.4 

416.8 

460.9 

Percent 

14.3 

18.8 

15.1 

18.1 
17.8 

Percent 

9 7 
15.7 

13 2 

14 5 
16.1 

Percent 

69 5 
85.2 
89 5 
82.1 
92.6 


— 

Average. 

2,568 

432.8 

16.8 

1 2,630 

364.7 

13 8 

83.8 
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Table 3. —Nitrogen of body gain of rats fed yellow corn ration and white corn ration 
as related to fat and energy of body gain and to nitrogen of food 

RATS FED YELLOW CORN RATION 




Fat gained I 

Energy gained 

Nitrogen of food 


Nitrogen 













1 



Pair no. 

of body 


Per gram of 



As tiro- 1 


Utilized 


gain 

Total 

1 nitrogen 

Total 

As^fat 

te.n 

Total 

for body 




1 gained 





gain 


Grams 

Grams 

Grams 

Ca/onss 

Percent 

Percent 

Grams 

Percent 

1_ 

4 34 

24 7 

5 7 

3ft4 3 

01 9 

38 1 

17.3f» ! 

25,0 

2 , .. 

(» M 

34 4 

' 5 2 

.544 6 

59.0 

41.0 

19 ftfi 

33. .5 

3 _ 

4 12 

25 8 

ft 3 

.177 4 

62.9 

37.1 

17.04 

24 2 

4 

4 K.'i 






14 7ft 

32 9 

.5 .. . 

3 r^y 

32'3 

tt 0 

'4ifi 8 

71 0 

^ 4 

15 64 

23.0 

f»- - . 

m 

27 5 

4 1 

4(KJ 9 

r>4 9 

45.1 

17.59 

37 9 

Average , .. 

5 02 

28 « 

ft 1 j 

432 8 J 

02 1 

1 

37 .9 i 

1 

17.01 

29.4 

_ 


_ 

_ _' 

_ 

_1 

_ 

__ 

— _ 


RATS FED WHITE CORN RATION 


1 - . . 

4 

2ft 

12 5 

2 9 

253.1 

45 8 

54 2 

17.48 i 

24 4 

2 

5 

99 

28. ft 

4 8 

463. 8 

57 8 

42 2 

19 79 

30.3 

3__. 

4 

39 

21 3 

4 9 

337.8 

59 1 

40 9 

17 19 

25.5 

4 

4 

08 



... 



14 83 

27 5 

5 

3 

ftO 

‘13 9 

6.0 

342 4 

65 4 

:M.ft 

15 83 

22.7 

ft' 

4 

59 

29 4 

ft 4 

42ft 6 

64 1 

35 9 

17.71 

25 9 

verage 

1 

4 


2:1 1 

! 5.1 

364 7 


41 ft 

17.14 

2ft 1 


T.MiLE 4. - Digestibility of protein and energy-producing nutriment of yellow corn 
ration and white corn ration when fed to rats 


Ruts ft'<l jellow <orn 


Hats fetl white corn 


I’uir no 1 


Nitrogen 


Energy 

Nitrogen 


Energy 


1 

1 

1 

Food 

Ke(*e.s 

1)1- 

gesle<l 

j 

Food 

Fece'' 

Di¬ 

gested 

Food 

Feces 

1)1 

ge.sled 

Food 

Feces 

Di- 

ge.'sted 





Cal- 

Cah 


! 



Cat- 

Cal 



Grams 

Grams 

Percent \ 

ones 

ories 

Percent 

|Grom« 

Grams 

Percent 

ones 

ones 

Percent 

1 . ’ 

17 3ft 1 

2 64 

84 8 

2.553 

234 5 

90 8 

! 17 48 

1 32 

92 4 

2.612 

81.0 

96.9 

2 

19 fift 

2 85 

85 5 

2,89ft 

270.5 

90 7 

19 79 

1 39 

93 0 

2.962 

90 ft 

96.9 

3 

17 04 

2.43 

85 7 

2. 501^ 

231 5 

90.8 

17 19 

1 39 

91 9 

2,568 

86.6 

9ft ft 

4 

I4.7fi 

1 74 

88 2 

2, Iftft 

182 3 

91.6 

14 83 

1 10 

92 0 

2,211 

73 2 

96.7 

5 _ , 

15 64 

2 23 

85 7 

2,297 

192 3 

91.6 

15 S3 

1 12 

92 9 

2.362 

69 ft 

97 I 

ft , 

17 59 1 

2. 52 

85 7 

2,588 

1 2:18.7 

90 8 

j 17 71 

1 17 

93.4 

2,647 

79 2 

97 0 

Average j 

17 01 

2 40 

85 « 

2,501 

s 

91. 1 

1 17 14 

1 1 26 

92 6 

2.560 

80 t) 

96 9 


The interpretation of both experiments covered by this paper con¬ 
sists mainly of the comparison of groups of data representing the per¬ 
formance of individual rats on different dietary treatments, these 
comparisons being made by Love’s modification of Student’s method 
(Love (L9)) of computation of the odds that differences between 
of data are not due to chance alone. 

The rats which received the yellow corn ration made greater gains 
m live weight in all six comparisons than did the rats wdiich received 
the white corn ration, the average gain of the rats on the yellow corn 
ration being 145.8 g, as compared with 120.8 g made by the rats on 
the white corn ration (table 1). 
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In five comparisons (table 2) a sixth comparison could not be made^ 
since one ether extract was lost; the rats which received the yellow 
com ration made more gain in energy than did their pair mates on the 
white com ration, the average gams being 432.8 Calories with the 
yellow as compared with 364.7 Calories with the white corn ration. 
As to the distribution of this energy gain (table 3) the yellow corn 
ration was more efficient than the wMte in storing energy in the form 
of fat, and the white com ration was more efficient than the yellow in 
storing energy in the form of protein. 

In all six comparisons (table 4) the rats fed white corn digested 
more nitrogen and energy than did the rats fed yellow corn the aver¬ 
age percentages digested being 85.9 percent nitrogen and 91.1 percent 
energy for the yellow corn, as compared witli 92.6 percent nitrogen and 
96.9 percent energy for the wliite corn ration. 

It was noted that with each pair of rats the feces from the individual 
which received the white com ration were decidedly darker in color 
than the feces from its pair mate. Obviously the dark color signified 
more complete digestion, but the reason for this difference was not 
apparent. In this connection it is significant that St. Julian and 
Heller {27) found that the digestibility of carbohydrate, protein, and 
fat are unaffected by a deficiency in vitamin A. 

The grams of gain of nitrogen by the bodies of the rats was in favor 
of the yellow corn ration in 4 comparisons out of 6, 1 other being prac¬ 
tically a tie, and 1 in favor of the white corn diet, but statistical criti¬ 
cism indicates that these differences were not certainly significant. 
There was also a greater percentage utilization of nitrogen in body gain 
by the rats on the yellow corn ration in 5 out of 6 comparisons. On an 
average 29.4 percent of the feed nitrogen of the yellow corn ration and 
26.1 percent of that of the white corn ration were retained by the body, 
but the significance of this difference was found to be statistically 
questionable. ^ 

The grams gain of fat by the bodies of the rats was in favor of the 
yellow corn diet in 4 comparisons out of 5, averaging 28.9 g for the 
yellow and 23.1 g for the white corn diet, and was statistically signifi¬ 
cant. The difference in grams of fat per gram of body gain was not 
significant. 

By way of recapitulation, therefore, the yellow corn ration was 
superior to the wlnte in (1) palatability, (2) gain in weight, (3) gain 
in energy, and (4) the proportion of the energy gained which was pres¬ 
ent as fat. On the other hand the white corn ration was superior to 
the yeUow in (1) digestibility of food nitrogen and (2) digestibility of 
fooci energy. 

No figures were available for the energy utilization, since the urine 
was not collected. 

From this preliminary experiment on yellow and white corn of 
unknown origin it is clear that the yellow corn used was in important 
respects superior to the white com. In this relation the attention 
naturally directs itself to the difference in vitamin A content, but there 
is no logical reason for concluding that the observed differences in 
nutritive value were due solely to this obvious factor—among the 
many possible differences. 
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A SECOND EXPERIMENT 

A second experiment was conducted, in which corn of known varie¬ 
ties was used. The required quantities of Reid Yellow Dent and 
Boone County White corn were obtained from a seed merchant in 
Richmond, Va. After grinding, the meal from the Reid Yellow Dent 
corn was (juite yellow, and that from the Boone County Wliite was 
‘‘dead white.” The rations were: 


Yellow corn_ 

Percent 

__ 70.00 

White corn.__ _ 

Percent 

70. 00 

Crisco._ __ _ 

-- 10.18 

Crisco____ 

10.00 

Cornstarch.. 

1.59 

Cornstarch.. 

2.00 

NaCl... 

1. 00 

NaCl_ „ 

1. 00 

Osborne and Mendel salts_ 

_ 4. 00 

Osborne and Mendel salts_ 

4. 00 

Casein (vitamin-A-free). 

- 12. 23 

Casein (vitamin-A-f ree)_ 

12. 00 

Irradiated yeast_ _ 

- 1. 00 

Irradiated veast _ _ 

1.00 


100. 00 


100.00 


The castnn was a commercial vitamin-free preparation, and the 
yeast was a dry product of Fleischmann^s manufacture containing' 
12 to If) Sherman units each of vitamins B and G per gram. This 
yeast was irradiated and had a potency of 25 D, or 333 Steenbock 
units, per gram. 

The yellow corn ration contained 4,521 calories per giam and 2.814 
percent N (17.59 percent protein); and the white corn ration con¬ 
tained 4,528 calories per gram and 2.824 percent N (17.65 percent 
protein). 

Ten pairs of albino rats were used, six pairs of females and four 
pairs of males. Their ages ranged from 24 to 28 days, and their 
initial weight from 38.99 to 48.86 g. The members of each pair were 
of the same litter and sex, and were within 3 g of the same weight. 
They were fed indi\ndually, one i*ate of each pair receiving the yellow- 
(*orn ration and the other the wliite-corn ration. 

During a discussion of methods of feed allotment two procedures 
other than the paired method were temporarily employed. Thus, 
during the first 18 days the rats were fed by pairs, in direct proportion 
to their body weight for the day. During the next 8 days the feed 
allotment was based on the two-thirds power of a continuing 5-day 
average weight. Thereafter the regular paired feeding method was 
followH'jd. 

After the paired feeding method was adopted, the quantitv of feed 
given per day was increased until there w'as refusal of feed by one 
individual of each pair. At the same time the feeding was so con¬ 
ducted, as to quantities assigned, that the total intake of the rats of 
each pair was equalized as soon as feasible. Nine of the pairs of rats 
were fed for 103 to 107 days, and the remaining pair (which were 
replacements) were fed for 78 days. 

The feeding method, and the treatment of the metabolic products, 
were the same as explained, in some detail by Swift, Kalilenberg, 
Voris, and Forbes {34). Thus the metabolizable energy was com¬ 
puted as the gross energv of the food minus the energy of the urine 
and feces. Losses of carbon and energy occurring durmg the process 
of drying the urine were computed fipm the loss of nitrogen, on the 
basis of the assumption that the relationship between the energy and 
the carbon lost was as in urea. 

The total heat production was determined indirectly by a difference 
procedure, as follows: A control group of rats, representative of the 
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rats to be fed, was killed at the beginning of the experiment. The 
alimentary contents were discarded and the bodies were analyzed 
for nitrogen, fat, and energy. At the end of the feeding experiment 
all rats were subjected to the same treatment as that given the control 
group. The body gains of nitrogen, fat, and energy made by the 
rats which were fed, therefore, were (iomputed as the constituents of 
these rats minus those of the controls; and the heat production of 
the rats which were fed was computed as the gross energy of the food 
minus the energy of the excreta and of the body gain. 

There was some coprophagy by rats on both diets. Watching 
revealed the fact that they would reach back and secure tiie feces 
pellets before they had a chance to fall through the screen false bottom 
of the cage, thus availing themselves of the benefit of the synthetic 
activities of the organisms of the alimentary tract. 

The more important data resulting from this experiment are given 
in tables 5 to 10. 

Table 5. —Gain in live weight ^ of rats fed yellow corn ration and white corn ration 
as related to dry matter of food 





Hals fed yellow corn 

Rats fed white corn 


Pair no 

Sev 

Food 

eaten 

Gain in 
live 

1 weight 

Katio of 
gain to 

Food 

eaten 

Gain in 
live 
weight 

Ratio of 
gain to 




(dry 

matter) 

dry matter 
of food 

(dry 

matter) 

dry matter 
of f(H)d 




0 ms 

Gms 

Percent 

Oms. 

Gms 

Percent 

1 



691 2 

160 61 

23 2 

692.0 

136 06 

19 7 

2”. 



561 1 

147.24 1 

26 2 

562.3 

136 60 

24 3 

3.... 


V 

621 4 

116 21 

18 7 

622 6 

112 39 

18 1 

A.. . 


V 

667.8 

124 18 

18 6 

669.2 

136.46 

20 4 



<T 

787 6 

170.06 ! 

21 « 

789 3 

150. 05 

i9 0 

(i. . 


V 

672 8 

126.77 

18.8 

674 3 

119 22 

17 7 

7 


y 

687 0 

126.05 

18 3 

688 5 

118 20 

17 2 

H_ 


V 

639. 3 

120.80 1 

18 9 

640.7 

106 94 

16.7 

. 



650.5 

117 80 1 

18 1 

651 9 

109.58 

16 8 

10. _ 



441.4 

125.20 

28.4 

442 4 

100.50 

22 7 


Averaire. 


642 0 

13:1.49 

21 1 

643 3 

122 60 

19 3 


> C^ontents of alimentary trad removed 

Table 6. —Energy of body gain of rats fed yellow corn ration and white corn ration 
as related to energy and to metabolizable energy of food 


Pair no. 

Hats fed yellow com 


Rats fed white corn 


Body 
gain of 
energy 
of rats 
fed 
white 
corn as 
percent¬ 
age of 
gain of 
pair 
mates 

Food 

energy 

Body gam 

Metab¬ 

olizable 

energy 

Body 
gam as 
percent¬ 
age of 
metab¬ 
olizable 
energy 

Food 

energy 

Body gain 

Metab¬ 

olizable 

energy 

Body 
gain as 
fiercent- 
ageof 
tiietab* 1 
ollzable^ 
energy 

Total 

Per¬ 
cent¬ 
age of 
food 
en¬ 
ergy 

Total 

Per¬ 
cent¬ 
age of 
food 
en¬ 
ergy 


Cato- 

Cato- 

Per- 

Cato- 1 

Per- 

Calo¬ 

Cato- 

Per- 

Cato- 

Per¬ 

Per¬ 


ries 

ries 

cent 

ries 

cent 

ries 

ries 

cent 

ries 

cent 

cent 

1 

3,450 

388.3 

11 3 

3,040.6 

12.8 

3,452 

401.7 

11.6 

3,045. 3 

13 2 

103.5 


2,801 

422.7 

15.1 

2,437 3 

17.3 

2,805 

403.1 

14.4 

2.452 2 

16.4 

95.4 

3.- 

3,102 

333 0 

10 7 

2, 717.1 

12.3 

3,106 

370.8 

11.9 

2,722 6 

13.6 

111.4 

4. 

3,333 

376.6 

11.3 

2,911.2 

12.9 

3,338 

451.3 

13.5 

2,937.8 

15.4 

120.2 

5--. 

3,931 

462.4 

11.8 

3,425.6 

13.5 

3,938 

673.1 

14.6 

3,463 0 

16.5 

123.9 

6... 

3,359 

340 5 

10.1 

2,925. 2 

11.6 

3,364 

483.3 

14.4 

2,900.6 

16.3 

141.9 

7.- - 

3,429 

370.0 

10.8 

2,983. 5 

12.4 

3,434 

318.7 

9,3 

3,019.9 

10.6 

86.1 

8. 

3,191 

351.4 

11.0 

2,822.5 

12.4 

3,196 

287.7 

9.0 

2,843.1 

10.1 

81.9 

».-. 

3,247 

287.2 

8.8 

2,872.4 

10.0 

3,252 

364.2 

11.2 

2,869.0 

12.7 

126.8 

10. 

2,204 

314.9 

14.3 

1,952.1 

16.1 

2,207 

246.2 

11.2 

1,962.6 

12.0 

78.2 

Average.. 

3,205 

364.6 

11.6 

2,808.7 

13.1 

3,209 

390.0 

12.1 

2.826.6 

13.7 

106.9 
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Table 7. —Heat loss of rats fed yelloio-corn ration, and white-corn ration as related 

to energy of food 



Hats fed yellow corn 

Hats fed while corn 

Pair no 

Food 

energy 

Heat 

loss 

Food 

energy 

Heat loss 


Total 

As percent¬ 
age of food 
energy 

Total 

As percent¬ 
age of food 
energy 

) 

Caloriet 

3,450 
2,801 

3.102 
3,333 
3,931 

3,359 
3, 429 
3.191 
3.247 
2,204 

(Tatories 
2,052.3 
2,014.6 
2,384.1 
2,535.6 
2,903 2 
2, .584 7 
2,613. 5 

1 2.471 1 

2, .585 2 
1.037.2 

PtrceiU 

76.9 

71.9 

76.9 

76.1 

75.4 

70.9 

70.2 

77.4 
79.6 
74 3 

Calories 
3,452 
2,805 
3,106 
3,338 
3.938 
3,364 
3, 434 
3,190 
3, 252 
2,207 

Calories 

2,403.6 

2,049.1 

2.351.8 
2,480.5 

2.889.9 

2.477.3 
2,701.2 
2,555. 4 
2,504.8 

1.706.4 

Percent 

76.6 
73.1 

75.7 

74.5 
73.4 

73.6 

78.7 
80.0 
77.0 
77.3 

Average 

3.20.5 

2,444. 2 

76.2 

3.209 

2.436.0 

76.0 


Table 8. —Nitrogen of body gain of rats fed yellow-corn ration and white-corn ration 
as related to fat and energy of body gain and to nitrogen of food 

UATS FED YELLOW ('ORN 


Fair no 

Nitrogen 
of body 
gain 

Fat gained 

Energy gained 

Nitrogen of food 

Total 

Per gram 
nitrogen 
gained 

Total 

.\s fat 

As pro¬ 
tein 

Total 

rtilized 
for body 
gain 


Grams 

Grams 

Grams 

Calories 

Percent 

Percf-nt 

Grams 

Percent 

1 . _ _ _ 

5. 79 

19 3 

3.3 

388.3 

47.2 

52 8 

21.48 

27.0 

2 

,5. 37 

25 6 

4 H 

422.7 

56.9 

43.1 

17.43 

30.8 

.3 ’ . 

3 99 

20 9 

5 2 

333 0 

59.7 

40.3 

19.31 

20.7 

4 - 

4.21 

24.7 

5 9 

375 6 

62.0 

38.0 

20.75 

20.3 

5. . . 

5.93 

27.2 

4.6 

462 4 

55.6 

44.4 

24.47 

24 2 

6 .. . 

4.39 

19.6 

4 5 

340.5 

54.6 

4.5.4 

20.91 

21.0 

7 

4 28 

23 8 

5.6 

370.0 

60.3 

39.7 

21.34 

20.1 

8 

3 90 

22 8 

.5.8 

351.4 

60.8 

39.2 

19.86 

19.6 

9 . 

4 09 

15.3 

3.7 

287.2 

50.6 

49.4 

20.21 

20.2 

10., 

4 ,5:1 

16.4 

3 6 

314.9 

49.5 

50.5 

[ 13.72 

33,0 

Average - 

4. 65 

21 0 

4.7 

364.6 

.55 7 

44 3 

19 95 

23 7 


RATS FED WHITE COHN 


1 - . 

4 83 

24.9 

5.2 

101.7 

.57.7 

42 3 

21.53 

22.4 

2. 

5.13 

24.0 

4 7 

403.1 

56.1 

43.9 

17.49 

29.3 

3 . - , 

3. 73 

26. 1 

7.0 

370.8 

66.4 

33.6 

19.37 

19.3 

4 

4. 37 

32.0 

7.3 

451.3 

67 3 

32.7 

20.82 

21.0 

5 , . 

4 45 

44 3 

10.0 

573 1 

73.2 

26.8 

24.56 

18.1 

6. 

3.38 

38,7 

11.4 

48.3.3 

75.4 

24.6 

20.98 

16.1 

7 - 

4.02 

19.2 

4.8 

318.7 

56.4 

43.6 

21.42 

18.8 

8. , - 

3. 72 

16.6 

4.5 

287.7 

54.3 

45.7 

19.93 

18.7 

9..,, 

3.46 

25.3 

7.3 

364.2 

65.3 

34.7 

20.28 

17.1 

10_ 

:i.69 

12.3 

3.3 

246.2 

47.3 

52.7 

13. 76 

26.8 

Average , 

4.08 

26.3 

6.6 

390,0 

61, 0 

38.1 

20.01 

20.8 
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Table 9, —Urinary carbon of rats fed yellovycorn ration and white^corn ration as 
related to urinary nitrogen 


Pair no 

Rats fed yellow corn 

IlatS'fed white i 

corn 

XTrinary 

carbon 

Urinary 

nitrogen 

Carbon 

nitrogen 

ratio 

t^riiiary 

carbon 

Urinary 

nitrogen 

Carbon 

nitrogen 

ratio 


Orams 

Grams 


Grams 

Grams 


1.. 

11.38 

12 89 

0.9 

12 Ifi 

13.88 

0 9 

2_..... 

9. 72 

9. 73 

1.0 

9 90 

10. 10 

1 0 

3 _ 

10. 7.1 

12 43 

.9 

11.42 

12.74 

.9 

4.- _ - . - 

10 20 

13.60 

.8 

11.78 

13 54 

.9 

5__ 

13.32 

14.43 

9 

14 01 

10.00 

.9 

6- - - 

11 70 

13 72 

.9 

10 58 

14 33 

7 

7 ___ 

12.37 

13 13 

9 

12. .18 

14.15 

9 

8 ... 

10 70 

13 2.1 

.8 

11 0,1 

13 22 

.9 

9 .- - _ 

10 90 

13. 34 

.8 

11 77 

13. 14 

9 

JO. . . - 

0 70 

7 .19 

.9 

7.99 

7 50 

1 1 

Average 

10 78 

12 41 

.9 

11 .38 

12.87 

.9 


Table 10.— Digestibility of protein and energy-producing nutriment of yellow corn 
ration and white-corn ration when fed to rats 



Rats fed yellow corn 


Rats fed white corn 


Pair no 

Nitrogen 


Energy 

Nitrogen 

Energy 


Food 

Fece.s 

Di¬ 

gested 

Food 

i 

Fettos 

Di¬ 

gested 

Food 

Feces 

Dl- 

gesttHl 

Food 

1 

Feces 

Di¬ 

gested 





Cato- 

Co/o- 



1 


fVi/o- 

1 

Co/o- 



Orams 

Grams 

Per cant 

rtts 

ties 

Percent 

Grains 

Grams 

Pnc( nt 

ries 

1 Ties 

Percent 

j 

21.48 

2.09 

90.3 

3,4.10 

282 2 

91 8 

21 53 

2 03 

90 6 

3,452 

273 8 

92 1 

2 . 

17 43 

] 93 

88 9 

2,801 

261.9 

90 6 

17.49 

1 88 

89 3 

2,805 

248 4 

1 9) 1 

3.. . 

19,31 

1 98 1 

89.7 

3, 102 

264 8 

91 5 

19 37 

2 14 

89 0 

3,106 

258 6 

91 7 

4 

20.75 

2.18 

89.5 

3, 333 

306 5 

90 8 

20 82 

2 II 

89 9 

3.338 

271.5 

91 9 

5 . . 

24.47 

2.58 

89 5 

3.931 

363 I 

90.8 

24.56 

2 .16 

89.6 

3, 938 

323.0 

91 8 

6 . 

20.91 

2.04 

90,2 

3, 359 

306 2 

90.9 

20 98 

2. 22 

89 4 

3. 364 

283. 1 

91 6 

7. 

21.34 

2.64 

87.8 

3,429 

312.2 

90.9 

21.42 

1 HH 

91 2 

3. 434 

279.2 

91 9 

8. 

19 80 

1,70 

91.4 

3,191 

25:1 4 

92 1 

19 93 

1 66 

91 7 

3,196 

222.0 

93 1 

9 .. 

20 21 

1.88 

90.7 

3.247 

256 5 

92. 1 

20.28 

2 32 

88 6 

3. 2.12 

2.15 4 

92.1 

10 -_ 

13 72 

1.11 

91.9 

2,204 

178 3 

91 9 

13 76 

1 25 

90 9 

2,207 

170 8 

92 3 

Av_ 

19.95 

2 01 

90 0 

3,205 

278 5 

91.3 

20 01 

2 01 

90 0 

3,209 

258. 6 

92. 0 


During the entire feeding period there were 308 refusals of feed, 195 
by the rats on the white-corn ration and 113 by the rats on the yellow- 
corn ration. On the basis of these numbers of refusals, without taking 
into account the quantities of feed refused, the deviation in the 195 
refusals is 41 from the normal—154. This is 4.7 times the standard 
deviation, 8.77, and is therefore significant. This shows that the white 
com was definitely the less palatable. It therefore served to deter¬ 
mine the intake of both rations. 

The data in table 5 shows that, although both members of each pair 
consumed essentially the same quantity of food, those rats that 
received the yellow-corn ration gained more weight than did their 
pair mates in 9 out of 10 comparisons, and the difference w^ signifi¬ 
cant. On the basis of the number of differences iifweekly gain, which 
was in favor of the yellow-com ration, the results are still more 
definitely significant. 

The gain m live weight in relation to dry matter of food necessaril^V 
leads to conclusions of the same significance, since both rats of a pair 














Jan. 1, 


Nutrients in Corn and Vitamin-Dejicient Diets 


11 



In table 8 it is shown that the rats on the yellow-corn diet exceeded 
their pair mates on the white-corn diet in grams of nitrogen gained, 


Fioube 1.—Comparative growth of rats which received: (-4) Eqaicaloric quantities of diets containing white and yellow corn; (B) equicaloric quantities of a 

complete diet and of a diet deficient in vitamin A. 
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percentage of food nitrogen retained, and percentage of the energy 
gain wliich was present as protein; but it is shown in table 6 that there 
was no corresponding superiority of the rats fed yellow corn either in 
amount of energy gained or in efficiency of utilization of metabolizable 
energy; and in table 8 it is shown that the difference between the two 
groups in gains in fat and energy were indeterminate. Table 8 shows, 
however, that with the rats on the white-corn diet a larger proportion 
of the energy gained was present as fat; and there is somewhat signifi¬ 
cant evidence that there was more fat gained x)er gram of nitrogen 
gained than wdth the rats on the yellow-corn diet. The greater gain 
in live weight of the rats on the yellow-corn diet/, therefore, consisted 
of protein and water. 

Table 7 shows that there was no significant difference betvveen the 
two groups as to heat loss. 

Table 9 shows that with the rats fed white corn there was somewhat 
significant evidence of greater outgo of carbon and nitrogen in the 
unne, but the ratio of carbon to nitrogen in the urine of the two grou])s 
was not significantly different. 

A difference in the digestibility of the two rations is shown in table 
10, in that the energy-producing nutrients of the white-corn diet were 
slightly but definitely more digestible than were the energy-j)i*oducing 
nutrients of the yellow-corn diet; but there w as no significant differ¬ 
ence in the digestibility of the protein of the two diets. 

The ratios of carbon to nitrogen in the urines (table 9) varied be- 
tw^een 0.8 and 1.0 for the yellow-corn ration, and between 0.7 and 1.1 
for the white-corn ration, the average being 0.9 in both cases. With a 
low protein ration Swift, Kalilenberg, Voris, and Forbes {3/^) found, 
in experiments with rats, carbon to nitrogen ratios between 1 .f) and 
2; and in experiments with steers on a low-protein ration Forbes et al. 
(7) found a urinary carbon to nitrogen ratio as high as 4—these differ¬ 
ences apparently being determined, at least in the main, by the plane 
of protein intake. 

No effort was made to deplete the rats as to vitamin A previous to 
the experiment, and the failure of the rats which received the white- 
corn diet to manifest xerophthalmia indicates either that they con¬ 
tained a large initial store of this vitamin or that the white-corn diet 
contained a considerable quantity of this nutrient. 

By way of recapitulation it may be said that in this second experi¬ 
ment the yellow-corn diet was shown to be definitely su])erior to the 
white-corn diet in the following respects: (1) Palatability, (2) gain in 
live weight, (3) grams of nitrogen retained, (4) percentage of the energy 
gained as protein, and (5) percentage of food nitrogen stored. The 
greater gain in live weight of the rats fed yellow corn consisted of 
protein and water. 

Tlje white-corn diet definitely excelled or exceeded the yellowy-corn 
diet in the following respects: (1) Digestibility of the food energy, 
(2) percentage of food energy gained as fat, (3) fat gained per gram of 
nitrogen gained, (4) elimination of carbon in the urine, and (5) elimi¬ 
nation of nitrogen in the urine. 

The evidence failed to reveal a definite difference in the response of 
the animals to the two diets in the following respects: (1) Energy of 
body gain, (2) percentage of metabolizable energy stored, (3) grams of 
fat gained, (4) heat loss, (5) digestibility of food nitrogen, and (6) 
^1^6 carbon to nitrogen ratio in the urine. 
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Considering the two experiments together—the yellow-corn ration 
excelled the white-corn ration in (1) palatability and (2) gain in 
body weight; while the white-corn ration excelled in digestibility of 
food energy. In other respects the two experiments—^insofar as the 
same observations were made—^were not in definitely significant 
agreement; but it must be borne in mind that the first experiment 
covered only a part of the ground covered by the second. 

In the interpretation of these results—since they involved a com¬ 
parison of rations which differed only in the kind of com—it is neces¬ 
sary to consider the possible influence of the method of food assign¬ 
ment. Thus, the rats which received yellow corn made the larger 
growth from the same food intake and therefore probably had the 
larger maintenance requirement—which is mainly for nonnitrogenous 
nutriment. The rats fed yellow corn, therefore, probably had left 
available for bod}’^ increase (after maintenance requirements W’ere 
saitisfied) a smaller quantity and proportion of energy and a larger 
proportion of nitrogen than did the rats fed white corn. This fact, 
however, was without observable effect in the results obtained. 

Finally, it is necessary to bear in mind the fact that whereas white 
and yellow^ corn are well known to differ in vitamin A content, the 
extent of this difference is far from constant; and it is not known that 
white and yellow corn differ only in vitamin A content. It must be 
understood, therefore, that even if it were an established fact (wdiich 
it is not) tliat the vitamin A content of corn varies directly as the 
<iuantity of yellow-colored substance, there may still be other differ¬ 
ences in nutritive value, possibly following other laws of distribution. 
The color of corn, therefore, while ordinarily indicative of nutritive 
value, cannot be considered positively significant in this respect. 

THE EFFECTS OF VITAMIN A DEFICIENCY 

Among the vitamins no other one has been so definitely associated 
with the phenomenon of growth as vitamin A. The details of this 
relationshi]), therefore, arc of especial interest, and have been in¬ 
vestigated in a growth, metabolism, and body analysis experiment 
with albino rats as subjects. The procoduie as used was the same 
as that employed by Swift, Kalilenberg, Voris, and Forbes (^4)- 

A somewhat similar experiment was conducted by Sampson and 
Korenchevsky (2S)^ who studied the influence of vitamin A deficiency 
with 63 rats in an exper iment in w hich results of paired and ad libitum 
feeding were conipar'ed. With the performance of the rats fed a 
complete diet, ad libitum, as the basis of coniparison they concluded 
that two-fifths of the deficiency in the gain in weight of the A-defi- 
cient rats was due to deficient food intake, while tliree-fifths seemed 
to be due to lack of an anabolic* principle; but in relation to fat depo¬ 
sition this relation was reversed—three-fifths of the deficiency being 
due to decreased food intake and two-fifths to lack of an anabolic 
principle. 

Other papers relating to the effects of vitamin A deficiency on 
food utilization are reviewed in connection with the foregoing study 
of the present series. 

In consideration of the storage capacity of the animal body for 
vitamin A tire rats used in the present experiment were first subjected 
to a pr*eparatoi‘y depletion of their stores of vitamin A, after which 
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they were divided into two groups composed of pairs of rats of the 
same litter, and matched as to sex and weight. One of these groups 
received a complete basal diet, and the other received a diet differing 
from the basal one only in that it was deficient in vitamin A. The 
experimental feeding covered a period of 84 days. 

In the management of this experiment important details were the 
rate of preliminary depletion of the rats as to vitamin A stored within 
their bodies, and the rate of administration of carotene to the rats on 
the low-A diet. 

Since the conditions of the experiment required that the vitamin-A- 
deficient rats be kept in a superficially normal condition—at least 
that they consume enough food to produce growth—and that this 
would be impossible in the presence of the profound disorganization 
of fully developed vitamin A deficiency, it was detemiined to main¬ 
tain the deficient rats in only moderate vitamin A depletion, and to 
terminate the experiment as soon as the avitaminosis had become 
general and acute in the deficient group: 

The growth curves (figure 1, B) show that the vitamin A deficiency 
became effective to limit growth at different times with the 12 pairs 
of rats, and that in general no such influence was apparent during a 
large part of the experimental period. This resulted mainly from 
the fact that the well-know n characteristic etfecd. of vitamin A 
deficiency on food intake, and therefore the main effect on growth, 
was excluded by the maintenance of equi(‘aloric food consumption 
by pair mates. 

The average dailjr gain in w’^eight of the vitamin-A-deficient rats 
was 0.96g—which signifies that during the greater part of the ex¬ 
periment the shortage of vitamin A was indeed slight; but a high- 
grade deficiency would have made it impossible to carry out the plan 
of the experiment and to maintain equicaloric food intake wdth both 
groups of rats without disqualifying hardship to the rats which re¬ 
ceived the complete diet. 

It must be understood, therefore, that the results obtained are 
representatives only of the particular conditions existing, and that 
they do not represent long-continued, acute vitamin A deficiency. 

The main components of the basal diet were: 


Percent 

Casein_ __ _ ___ . 18 

Osborne and Mendel salt mixt\ire. .... _ 4 

^‘Amidex^’ dextrin_ ___ „„ „ ()8 

Crisco_ _ _ 10 


100 

In addition, a yeast mixture was fed to both groups of rats, to 
supply vitamins B, D, and G; and carotene was given regularly to 
one group, as a source of vitamin A, and to the other group in smaller 
quantity and only as definite symptoms of vitamin A deficien(*y were 
manifest. 

The yeast mixture was composed of 57.6 g. of irradiated yeast and 
950.4 g. of dried brewer^ yeast; and of this a 0.42-g. portion was fed 
daily to each rat. This supplied 8 Steenbock units of vitamin D, 
and 5 Sherman units of vitamins B and G. This amount of vitamin 
D is considered sufficient for normal calcification. 
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The rats on the coj^lete diet were given 2 International units of 
vitamin A per day. This was administered as 0.1 cc of a solution 
of carotene prepared from a carotene-corn-oil solution of a potency 
of 10,000 International units per gram. The solution as administered 
was prepared by diluting 0.8 g. of the carotene-(‘nrn oil solution with 
petroleum ether to make 400 cc. 

The solution of carotene for the rats on the deficient diet was one- 
sixteenth the concentration of the solution for the rats on the com¬ 
plete diet, the daily portion of one twenty-fifth cubic centimeter on 
which they were started containing 0.05 International unit. During 
the course of the experiment, however, as these rats appeared to re¬ 
quire increased amoimts of carotene, a solution of four times the 
concentration stated was prepared, containing 0.1 International 
unit per one-fiftieth cubic centimeter. Of this more concentrated 
solution quantities of one-fiftieth cubic centimeter per day or more 
were administered as required. The more dilute solutions evidently 
deteriorated, since, during the progress of the experiment, an in¬ 
creasing volume of solution was necessary to maintain a fairly satis¬ 
factory food consumption. Nothing was added to this solution to 
prevent oxidation of the fat in winch the carotene was contained. 
Mattill {20) has suggested hydroquinone, among other substances, 
us an antioxidant for preserving such solutions. 

The moderate jireliminary depletion of the experimental subjects 
as to vitamin A was accomplished by feeding the mother rats the 
vitaniin-A-free diet and 8 percent of the yeast mixture mentioned 
above, from the time the young rats were 2 weeks old until they were 
weaned at the age of 3 weeks. Foods rich in vitamin A, such as 
carrots, WTre withheld during the last 2 w eeks of the period of gesta¬ 
tion, and milk was fed to the mother rats only during the last week 
of gestation and thereafter until the young rats w^ere weaned. 

In the latter part of the feeding period an attempt was made to 
detect e\idence of the lack of vitamin A by microscopic examination 
of the vaginal smears, by the technic of Long and Evans {IS), This 
observation revealed evidence of the vitamin A deficiency in a 
number of the rats before it was manifested by any observable 
external appearance. 

The vitamin A defuuency appeared among the 12 rats on the 
deficient diet after 34 to 55 days. Carotene was then administered 
from time to time as required to maintain the rats in quasi-nor¬ 
mality—that is, on the border line between health and disease, but 
eating a fair quantity of food. 

After 84 days on the experiment the rats which had received 
carotene regularly were in good condition and showed no signs of 
lack of vitamin A, either by outward appearance or by the condition 
of the vaginal smears; but all of their pair mates, which had received 
the deficient diet, manifested, in various degrees of severity, the 
well known symptoms of vitamin A deficiency, including the charac¬ 
teristic histology of the vaginal exudate, xerophthalmia, cessation 
of growth, and lack of normal muscular control in locomotion. 

At the end of the feeding experiment all 24 rats were killed, and 
the bodies, the excreta, and the diets were subjected to chemical 
analysis. The resulting data are shown in tables 11 to 16. 
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Table 11. —Gain in live ^ weight of rats fed vitamin-A-supplemented or vitamin-A- 
deficient diets as related to dry matter of food 


Pair no, 

Sex 

1 

Rats fed vitamin-A-supplemented 
diet 

Rats fed vitamin-A‘deficient diet 

Food eaten 
(dry 

matter) | 

Gain in 
empty live 
weight 

Ratio of 
gain to dry 
matter of 
food 

Food eaten 
(dry 
matter) 

Gain in 
empty live 
weight 

Ratio of 
gain to dry 
matter of 
food 



Or a VIS 

Grams 

Percent 

Grams 

Grams 

Percent 

1.- . 

9 

413.5 

77 17 

18.7 

413.5 

77. bl 

18.8 

2.-.. - 

9 

401 8 

80 00 

19.9 

401.8 

71.84 

17.9 

3__.. 

cf 

407.9 

91 00 

22.3 

406.9 

68.74 

16.9 

4_ ---- _ 

9 

403.0 

73 58 

18.3 

403 0 

82.93 

20.6 

5. 

9 

395.3 

90 14 

22.8 

395 3 

83.70 

21 2 

6.. . 

d" 

492 8 

123.10 

25 0 

492 8 

123.04 

25 0 

7 

‘ & 

457, 7 

79.65 

17.4 

454.2 

50.51 

11 1 

8”]. 

9 

467.7 

72 89 

15.6 

467. 7 

77. 75 

16 6 

9--- -- -- - 

& 

519.9 

112.57 

21.7 

519.9 

111.93 

21 5 

10___ 

9 

438 4 

81 09 

18 5 

438 4 

66 71 

15 2 

11... 

c/* 

479 9 

102 38 

21 3 

479.9 

79 22 

16 5 

12. 

9 

519 2 

88.47 

17.0 

519 2 

75 08 

14 5 

AveraKO-- _ 

. 

449 H 

89 34 

1__ 

19 9 

449 4 

80 75 

18.0 


> ("ontents of alimentary tract removed 


Table 12. —Energy of body gain of rats on tniamin-A-supplemenied or vitamin-A- 
deficient diets as related to energy and to metabolizable energy of food 



Rats fed vitamin-A-.supplemented diet 

Rats fed vitamin-A-deficient diet 

Body 












gain of 



1 





1 




energy 



Body gain 




Body gain 



of vita* 






Body 





Body 

min-A- 

Pair no 





gain as 





gam as 

free 

Food 


As 

per- 

Metab¬ 

olizable 

Iiercent- 
Hge of 

Food 


Per- 

Metab¬ 

olizable 

I>ercent- 
age of 

rats as 
jiercent - 


energy 

Total 

cent- 

energy 

nictab- 

energy 

Total 

rent-1 

energy 

metub- 

age of 



age of 


olizable 


of food 


olizable 

gam of 




foo<l 


energy 



energy 


energy 

pair 




energy 








mate 


Calo- 

Calo- 

Per- 



Calo- 

Calo- 

Per- 





ries 

ries 

cent 

CaloTtes 

Percent 

ries 

rtfs 

cent 

( atones 

Percent 

Percent 

1 .. 

1,848 

239.3 

12,9 

1,687 3 

14.2 

1,848 

252.8 

13 7 

1,690.4 

1.5.0 

10.5 6 

2 _ _ 

1,796 

1,823 

210.6 

11 7 

1,621 7 

i 13 0 

1,796 

245 8 

J.3 7 

1,619.2 

15 2 

116.7 

3 . 

232.6 

12 8 

1,685 8 

1 1.3. H 

1,818 

1,801 

17.'). 3 

9 6 

1,651.2 

10,6 

75 4 

4 ... .. 

1,801 

233.3 

13 0 

1,658.9 

i 14.1 

275.7 

15.3 

1,652.0 

16.7 

118 2 

5.. - 

1,767 

291.3 

18.5 

1,658,1 

17 6 

1,767 

284 9 

16.1 

1,619.1 

17.6 

97.8 

6 .. .. ... 

2,201 

320. 5 

14.6 

2,025 9 

16.8 

1 2,201 

3.36.9 

15 3 

2,023.5 

16.6 

105.1 

7 . _ _ 

2,045 

176.6 

8 6 

1,879.1 

9.4 

! 2,029 

76.6 

3 8 

1,838, 7 

4.2 

4.3 3 

8_ _ 

2,089 

2,322 

214.5 

10 3 

1,910.7 

2,149.9 

11.2 

2,089 

2,322 

227.0 

10.9 

1,918 5 

11.8 

106 8 

9. 

295.5 

12 7 

13 7 

267.6 

11.5 

2,137.4 

12.5 

90.6 

10. 

1,959 

1 197,9 

10 1 

1,799.2 

11 0 

1,969 

167.1 

8.5 

1,782.3 

9.4 

84 4 

11 .... . _ 

2,143 

250.6 

11.7 

1,985.0 

12.6 

2,143 

176.8 

8.3 

1,952.5 

9.1 

70 6 

12.. 

2,319 

244.9 

10 6 

2,128 4 

11 5 

2,319 

189 5 

8.2 

2,133,5 

j 8 9 

77.4 

Average., 

2,009 

242.3 

12 1 

1,840 2 

1.3.2 

2,008 

223 0 

11.2 

1,834.9 

12.3 

90 9 
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Table 13 .—Heat loss of rats on vitamin-A-supplemented or vitamin-A-deficient 
diets as related to energy of food 


! 

i 

Rats fed vitamin-A-suppleniented 
diet. 

Rats fe<l vftaiiiln-A-deficient diet 



1 Heat lo.ss 1 

I 

1 Heat loss 

Pnir no. 








Food 

enersy 

n'otal 

As per- 
centaKO t»f 
feed 

Food 

energy 

Total 

As per- 
eentape of 
feed 




enerp.v 



energy 


Cnlnrien 

('aloriett 

Percent 

('atorien 

('alories 

Percent 

1 _ 

1,84k 

1,448 0 

78.4 

1,848 

1,4.37 0 

77.8 

2 

1,7% 

1,411.1 

78 ti 

1,790 

1,373, 4 

70 .5 

3 

1.K23 ; 

1,4.53 2 

79.7 

1,818 

1,475 9 

81 2 

4 

l.fMll 

1,42.5.6 

79 2 

1,801 

1,370 3 

70 4 

h 

1,707 

1. 300 8 

77 4 

1, 707 

l,3:i4 2 

75 5 

fi . 

2,201 

1,705 4 

77 .5 

2,201 

1, two 0 

76 0 

7 

2, Ot.l 

1,702. .5 

83.3 

2,029 

1,702. 2 

86.9 

H 

2,0K9 

1,000.2 

1 81 2 

2,089 

1,091 5 

81.0 

9 

2,322 

1.8.54 4 

79 9 

2,322 

1,809 8 

80.5 

10 . 

1.959 

l,«)l 3 

81 7 

1.959 

1,015 2 

82 5 

11 ... 

2, 143 

1,734 4 

KO 9 

2. 113 

1.775 7 

82. 9 

12 

2,319 

1.88:1 .5 

81 2 

1 . _ . __ 

2.319 

1,944 0 

j 811 8 

A\crjinp . 

2,009 

i,or,o 9 

j 79 9 

2, 008 

I.OII 9 

1 80 J 

_ _ . - 


1 

1 

_ 


1 


Table Nitrogen of body gain of rats fed vitomin-A-supplemenied or vita¬ 

min-A-deficient diets ns related to fat and energy of body gain and to nitrogen 
of food 

HATS FEn VlTAMlN-A-SrPPLKMENTK.D DIET 





Fat gained 

?'nerg> gaineci 

Nilrogeii of ftxxi 



Nitrogen 









Pair no 

ofIxxiy 


Per grain 



A'. prO' 
tein 





gam 

Total 

of nitro- 
pt*n 

Total 

.\n fat 

Total 

for bofiy 





gained 








Grnmit 

(fra HIM 

Grnm^ 

("alories 

Pcrcf nt 

Pncent 

Grams 

Percent 

1 . 


2 70 

15 7 

5 8 

2:i9 3 

OK) 9 

39 1 

13 95 

19 4 

2 . 


2 43 

13 0 

5 0 

210 0 

.59 7 

40 3 

13 02 

17 8 

.1 


2 91 

14 4 

4 9 

232 0 

57 2 

42 8 

13. 79 

21 1 

1 


1 2 19 

17 3 

7 9 

2:13 3 

08 4 

31 0 

13 05 

10 0 

,5 


1 2 70 

21 5 

7 8 

291 3 

08 H 

31 2 

13 43 

20 0 

0 


1 3 99 

19 8 

5 0 

:120 5 

.57 

42 1 

10 21 

24 0 

7 


1 2 98 

8 3 

2 8 

170 0 

43 8 

.50 2 

1.5 21 

19 0 

8 


2 32 

14 4 

ti 2 

214 5 

02 4 

37 0 

15 .50 

15 0 

9 


1 3 53 

18 0 

5 3 

295 5 : 

.58 0 

42 0 

10 98 

20 8 

10 


1 2 82 

11 2 1 

4 0 

1 197 9 i 

52 2 j 

47.8 

14 00 

19. 2 

11 


3 31 

14 1 I 

4 3 

2.50 0 

51 5 I 

ts 5 

15 84 

20 9 

12 


2 83 

10 2 1 

1 5 7 

! 244 9 1 

01 4 

38 0 

10 97 

10 7 


A \ erage 

1 2 90 

15 4 ! 

L. 

i 

__ 

242 3 

1 _ _ ' 

58 5 

41 5 

14 98 

19 3 


K\TS FEH VITAMIN-A DEFICIENT DIET 


1 - - 

2 .53 

1 

17 5 

1 

1 0 9 

252 8 

(V4 I 

35 9 

13 95 

18 1 

2 

2 13 

19 2 

9 0 

245 8 

71 0 

28 4 

13 02 

15 0 

3. 

2 47 

9 8 

4 0 

175 3 

51 3 

48 7 

13 70 

18.0 

4 

2 55 

20 2 

7 9 

275 7 

08 0 

31.4 

13. <15 

18.7 

5. 

2. 30 

21 7 

9 2 

284 9 

71 0 

29 0 

1:1 4:1 

17.0 

0 

4. o;i 

21 0 

5 4 

3:10 9 

.59 3 

40.7 

10 21 

24 9 

7 

2,21 

.5 

2 

70 5 

3 1 

90.9 

15 11 

14 0 

8. - . ... 

2 40 

1.5.3 

0 2 

227 0 

- 0:1 0 

:i7 0 

15 50 

15.9 

9 

3.82 

14 9 

:i 9 

207 0 

51 0 

48 4 

10 w, 

22 5 

10 

2 37 

9 5 1 

4 0 

107 1 

51 9 ] 

48 1 

14,00 

10 2 

11.. 

2 41 

10 2 

4 2 

170 8 

,53 1 

40 9 

1.5. 84 

1.5,2 

12 , . . 

2 54 

11 2 

4.4 

189 5 

55 2 

44 8 

10.97 

15 0 

Average 

2 60 

14 3 

5 4 

223.0 

55. 3 

44 7 

14.97 

_ 

17.7 


122814 - 2 
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Table 15. — Urinary carbon of rats fed vitamin-A^supplemented or vitamin-A- 
deficient diets as related to urinary nitrogen 



Rats fed vitamin A 

Rats fed vitaniin-A-defldent diet 

Pair no. 

Urinary 

carbon 

Urinary 

nitrogen 

rarlKMi/ni- 

trogen 

ratio 

Urinary 

carbon 

Urinary 

nitrogen 

Carbon/ni- 

trogen 

ratio 

1..- 

Orams 

5.9fi 

Qramn 

9 03 

0.6 

Orama 

6.73 

Orama 

10.03 

0 7 

2... 

6 

9 77 

.7 

8.18 

JO 41 

.8 

3... 

fi 30 

9 73 

6 

7 . 0:1 

9. 87 

, 7 

4_ _ 

fi. 91 

10.34 

.7 

7.10 

10.07 

. 7 


3 71 

6.04 

.6 

6 23 

10 36 

.6 

6 . . 

7 45 

11 07 

.7 

7 84 

10 80 

. 1 

7-, _ 

7 92 

11 02 

.7 

10.03 

11.13 

.9 

H _ _ 

9 87 

11.70 

.8 

7.11 

11.48 

6 

9..- _ 

7.02 

11.61 

7 

8 a*) 

11 50 

7 

10__- 

7 48 

10.69 

. 7 

9 91 

10 62 

.9 

11_ 

7 81 

11 30 

. 7 

10. 60 

11 60 

9 

12.... 

9.03 

12 89 

.7 

8. .56 

13 08 

7 

Avorafrc___ 

7 27 

10.17 

.7 

8. 11 

10 91 

. 7 


Table Digestibility of protein and energy-producin^g nutriment of diets contain¬ 
ing or deficient in vitamin A^ when fed to rats 



Rats fed vitainin-A-suppleinented <Iict 

Rats fed vitamin-A-deflcient diet 

Pair no. 


Nitrogen 


Energy 


Nitrogen 


Energy 


Food 

Feces 

Digest¬ 

ed 

Food 

Feces 

Digest¬ 

ed 

Food 

Feces 

Digest¬ 
ed 1 

Food 

Feces 

Digest¬ 

ed 


Orama 

Oramf 

Percent 

Cahr- 

riea 

f'tt/o- 

rtea 

Percent 

Orama 

Ora ma 

Percent 

Calo¬ 

ries 

Calo¬ 

ries 

Percent 

1. 

13.95 

1 09 

92. 2 

1,848 

90.6 

95 1 

13 95 

1 03 

92.6 

1,848 

79 4 

95 7 

2 

13 62 

.92 

93.2 

1,796 

Wl 8 

94.6 

13.62 

92 

93 2 

1,796 

84.8 

95 3 

3_ 

13 79 

.82 

94.1 

1, 823 

63 3 

96.5 

13 76 

1 0.3 

92 5 

1,818 

87.4 

95 2 

4.. 

13 65 

.75 

94 5 

1, 801 

62 5 

96 5 

13.65 

.90 

93 4 

1,801 

68. 1 

96 2 

5_ 

13 43 

.93 

93 1 

1. 767 

6.5. 7 

96 3 

13,43 

88 

93.4 

1, 767 

74 5 

95 8 

6 .... 

16.21 

1.08 

93.3 

2, 201 

89 3 

95.9 

1 16 21 

1. 10 

93.2 

2,2t)l 
2,029 

89 6 

95 9 

7_ 

15 21 

.94 

93 8 

2,045 

75.7 

96.3 

15 11 

1.06 

93 0 

80 0 

96 1 

8. 

15. 50 

.94 

93.9 

2,089 

69 2 

96.7 

! 1.5.60 

1 13 

92.7 

2,089 

8,5 8 

95. 9 

9_ 

16.98 

1.04 

93 9 

2, 322 

82 9 

96.4 

16 98 

1 a5 

93 8 

2, 322 

90 5 

96 1 

10_ 

14 66 

.99 

93 2 

1.959 

74.0 

96 2 

14. W1 

.86 

94 1 

1,9.59 

67.7 

96 5 

11_ 

15 84 

.92 

94.2 

2,143 

69.1 

9f\ 8 

15.84 

.96 

93 9 

2, 143 

73 9 

96 6 

12_ 

16.97 

1.00 

94 1 

2,319 

81.3 

96 5 

16.97 

1 24 

92.7 

2,319 

86 0 

96.3 

Average. 

14.98 

.95 

93 6 

2,009 

76 7 

96 2 

14 97 

1 01 

93 2 

2,008 

80 6 

96 0 


In 8 of the 12 pairs of rats, those which received the complete diet 
made greater gains in live weight than did those which received the 
vitamin-A-deficient diet, though, in accord with the method of 
experimentation, both members of each pair consumed the same 
amount of food. The vitamm-A-deficient rats undoubtedly held 
back the food consumption and the growth of their pair mates by not 
consuming as much of the ration as the rats on the complete diet would 
have eaten. This is shown by the fact that the rats on the vitamin-A- 
deficient diet refused portions of their food a total of 466 times—as 
compared with 249 refusals by their pair mates. This is a statistically 
significant difference. 

The growth curves are shown in figure 1, B, The average gains in 
live weight (table 11) of the rats on the complete and on the vitamin-A- 
deficient diets were 89.34 g and 80.75 g, respectively, tliis difference 
being statistically significant. 
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Table 12 shows that the two groups did not differ in a statistically 
significant manner with reference to (1) energy of body gain, (2) energy 
of body gain as a percentage of the food energy, or (3) body gain of 
energy as a percentage of the metabolizable energy. Similarly, table 13 
shows that the heat production was essentially the same for the two 
groups of rats. 

Table 14 shows that the nitrogen storage of the rats on the complete 
diet was significantly greater than that of their pair mates on the 
vitamin-A-deficicnt diet; but there was not a significant difference in 
the storage of fat, or of fat gained per gram of nitrogen gained, or of 
total energy gained, or of energy gained as fat or as protein. 

The analysis of the urines (table 15) reveals as slightly significant 
the greater elimination of carbon by the rats on the vitamin-A-Seficient 
diet, but the ratio of carbon to nitrogen in the urine did not differ 
significantly; nor did the digestibility (table 16) of either the nitrogen 
or the energy of the diet. 

THE EFFECTS OF VITAMIN D DEFICIENCY 

Among the various requirements of complete nutrition it is obvious 
that the different essential nutrients must differ in the nature and the 
directness of their relationship to the utilization of the protein and the 
energy of foods; and, in the light of the existing knowledge of the 
characteristic functions of vitamin D, as essential to the normal 
utilization of calcium and phosphorus, the relationship of this vitamin 
to protein and energy metabolism must appear to be indirect and 
secondary, rather than immediate and essential. However, this 
relationsliip may be none the less real for being incidental, and the 
object of the present experiment was to show the extent and something 
of the nature of the influence of vitamin D in the connection stated. 
Since the writers know of no other study of this vitamin made from 
the point of view of the present investigation, this experiment will be 
described without general review of the literature on vitamin D. 

This ex|)eriment consisted of a comparison of two dietary regimens, 
by means of a grow th-, metabolism-, and body-analysis study, on two 
groups of normal growing rats. One of the diets was known to cause 
rickets, the other w as the same diet plus a vitamin D concentrate. 

The rachitogenic diet selected for use in this experiment was 
Steenbock’s diet no. 2965 0'^/), wdiich consisted of yellow corn 76 per¬ 
cent, wheat gluten 20 percent, CaCOs 3 percent, and NaCl 1 percent. 

This diet has been considered by Bacharach, Allchorne, and Hazley 
(!) to be deficient in vitamin A, as well as in vitamin D; but in the 
study reported in the first section of this paper involving the 
particular lot of yellow corn used in the present experiment, no 
evidence of vitamin A deficienev was encountered. 

Goldblat {10) observed irregular results from the feeding of vitamin- 
D-free rations containing much CaCOa, apparently due to a disturb¬ 
ance of the ratio of calcium to vitamin D, through the settling out of 
GaCOa from the ration. In the present experiment the diets were 
stored in 2-quart Mason jars, the contents of which were mixed 
whenever food w^as removed. The rats did not grow rapidly, but their 
performance was consistent in the manner of their indicating the pres¬ 
ence or the absence of vitamin D. 

In this experiment, as in the others of this series, the paired feeding 
method was used, the subjects being 12 pairs of weanling rats, 27 to 
29 days of age, and weighing 42 to 60 g at the beginning of the study. 
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The individuals of each pair were of the same sox, age, and litter, and 
of approximately the same body weight. The general routine folio A^ed 
was as in the foregoing studies of this series. 

Both rats of each pair received, throughout the experiment, the 
same quantity of the basal rachitogenic ration sj)ecificd; but after the 
first 2 weo\s one rat of oa^'h pair received in a,ddition 1 vitamin D unit 



A B C D 

Fi(irKE 2 — miotoKraphs of let? txines of nits which received a complete diet (.1 and (') compared v»ith 
others which received a vitamin I) deficient diet (H and D). Pairs are Brrarit?ed m order of niimher, 
and pair m ites are placed side hy side 

(Steenbock) of viosterol (Squibb) each day. h\)r 8 weeks tlie vios- 
torol was fed in ])etroleufn ether dropped on tf>p of tlie food, the ether 
being assumed to have evaporated before the food was offered. Three 
weeks^ experience, however, showed that the petroleum ether did not 
entirely evaporate, and that it unfavorably affected the palatability 
of the food. Thereafter the viosterol was fed in olive oil, and the 
yats which received no viosterol were given olive oil in the same 
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nmoiiiits as wore their pair mates. The olive oil improved the appe¬ 
tite of the rats. The refusals of food to the time of beginning the 
use of olive oil were nearly alike in number for the two groups, but 
thereafter the number of refusals was significantly less with the rats 
which received the complete diet. 

The feeding period lasted 10 weeks. All of the rats on the basal 
diet manifested symptoms of vitamin D deficiency, while those which 
received vitamin D were normal. X-ray photographs of one hind 
leg of each animal are shown in Figure 2. None of the animals 
showed any noticeable symptoms of vitamin A deficiencv. 

In the daily care of the rats the feed-cup holders were removed 
from the cages in the morning and were not returned until feeding 
time in the afternoon. This prevented the rats from depositing urine 
and feces in them. 

As soon as the rats on the deficient diet developed noticeable signs 
of rickets, such as lagging with the hind legs, they and their pair 
mates w('r(‘ killed, and an X-ray photograph was taken of one hind 
leg o( each individual. The bodies were then analyzed as in the 
foregoing studies, and the experimental data, given in tables 17 to 
22 were statistically interpreted. 


T\blk 17. - (Unn in live uu'ufht * of ratn fed pplvmvnU’d or nlomitt-D- 

dcjicivnt diets as related to dnj matter of feed 



j 

! Rath fed vifaiinn-I'-suppleinenlpd 

1 diet 

1 

1 Ral.s fe<l \itamin-0-defic*ient diet 

Ciur no 

1 

1 Sex 

i 

j Food eaten ' (lain in 

j 

1 Ratio of 

1 Kain to dr> 

1 matter of 
j food 

1 - - 

jKooil eaten 

! (lam in 

j Ratio of 


l 

j 

j 

(dry-mat- 
! te»-) 

1 

1 

' empty li\e 
weight 

! (dry nuit- 
! ten 

1 emi)(.\ live 

1 \^enrl^t 

1 

gam to dry 
mailer of 
food 


i 

1 iJrnms 

(irnim 

j J^f rceiit 

i 

1 drams 

j drums 

P(rct'nf 

I . . 

1 

1 271 2 

34 10 

1 12 4 

! 271 2 

1 33 8») 1 

12 3 

2 

I 9 

1 312 t. 

45 5H 

1 14 0 

1 312 0 

j 33 30 ! 

10 7 


' 

' 292 9 

44 K) 

15 2 

' 292 9 

30 10 1 

12 3 

1 

1 

1 32f> 2 

.W U 

11 8 

32f) 2 

1 37 31 

11 4 

T) 

' cf 

1 30t) 1 

1 31 M 

' 10 4 

3(M) 1 

;t7 M i 

12 4 

r> 


' 379 1 

39 95 

1 10 5 

377 0 

' 39 21 I 

10 4 

7 

! V 

342 0 

:W 81 

j 9 9 

342 0 

38 57 

11 3 

s 


244 0 

14 72 

1 0 0 

244 r> 

21 11 

8 0 

w 

1 ^ 

29H i» 

28 79 

9 0 

298 9 

27 59 

9 2 

10 

' & 

2tl3 H 1 

30 24 

10 3 

293 S 

20 09 

9 1 

]] 

i (f 

299 0 1 

37 11 

12 4 1 

299 5 i 

3fi 80 

; 12 3 

12 

1 )’ 

370 7 

50 97 

13 7: 

370 1 

1 __ __ . 

3S 59 

10 4 

A verajro - 

!/" 1 
! 

311 7 1 

35 S3 

11 4 

311 5 

33 93 

i _ 

10 9 

‘ (’o»li»nts of aliment iry tr.ift reino\t* 1. 
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Table 18 .—Energy of body gain of rats fed vtiamin-D-supplemenied or vitamin-D- 
deficient diks as related to energy and to metabolizable energy of food 


Rats fed vitamin-I)-sui)i)lemente<l diet 


Pair no. 

Food 

energy 

Body gain 

1 

Metabo¬ 

lizable 

energy 

Body 
gain as 
l)ereent- 
ageof 1 
metabo¬ 
lizable 
energy 

Food 

energy 

Body gain 

Metabo- 

bzable 

energy 

Body 
gain as 
percent¬ 
age of 
metabo¬ 
lizable 
energy 

energy 
of vita¬ 
min 1) 
free rats 
as jwr- 
cent age 
of gain 
of pair 
mate 

Total 

As per¬ 
cent¬ 
age of 
feed 
energy 

Total 

As per¬ 
cent¬ 
age of 
feeci 
energy 


Calo- 

Calo- 

Per- 



Calo- 

Calo- 

Per- 





Ties 

nett 

cent 

Percent 

Percent 

Ties 

rien 

cent 

(^alorkit 

Percent 

Percent 

1 

1,270 

126 1 

9 9 

1,079.0 

11 7 

1,270 

72 4 

5 7 

1,075 5 

6 7 

57 4 

2 ... _ 

1.44.«) 

144 5 

10 0 

1,229 4 

11 8 

1,445 

94 9 

6 6 

1,210 9 

7 8 

65 7 


1,355 

121.6 

9 0 

1,148.6 

10 6 

1,355 

71 4 

5 3 

1,146 4 

6 2 

58 7 

4 , _' 

1,508 

103 5 

6 9 

1,276 9 

8 1 

1,508 

92 8 

6 2 

1,275 3 

7 3 

89 7 

5 _ -. 

1.415 

64 4 

4.6 

1,187 6 

5 4 

1,415 

81 4 

5 8 

1,190 8 

6 8 

126 4 

fL . _ 

1.749 1 

111 3 

6 4 

1.467 8 

7 6 

1,740 1 

92 5 

5 3 

1,459 3 

6 3 

83 1 

7_ 

1,581 1 

155 6 

9 8 

1,332 0 

11 7 

1.581 ! 

124 8 

7 9 

1,342 8 

9 3 

80 2 

8 _ 

1. 134 

34.8 

3 1 

950 7 

3.7 

1,134 

36 8 

3 2 

963 5 

3 8 

105 7 

9_ 

1,383 1 

77 1 

5 6 

1,164 5 

6 6 

1,38:1 

.W 2 

3 8 

1.166 5 

4 6 

69 0 

10 ._ . - 

1.360 

47 8 

3 5 

1.146 6 

4 2 , 

1, 360 1 

35 7 

2 6 

1 1, 144 2 

3 1 

71 7 

11 . 

1,384 

92 7 

6 7 

1, 152 7 

8 0 I 

1,384 ! 

68 7 

5 0 

1 , 166 0 

5 9 

74 1 

12 .. 

1,711 

121 7 

7 1 

1,429 8 

8 5 

1,709 1 

67. 3 

3 9 

1,443 7 

4 7 1 

.55 3 

AveraRe . - 

1,441 

KM) 1 

6 9 

1,213 8 

8 2 

1. 440 

71 3 

5. 1 

1,215 1 

6 0 

74 3 


Rats fed vitaiuin-l)-deflcienl diet 


Body 


Table 19 .—Heat loss of rats fed vitarnin-D-snpplemented or lutanun-D-defivient 
diets as related to energy of food 



Rats fed vitamin-D-supplementod 
diet 

Rats fe<l vitamin-l>-deficieui diet 

Pair no. 

Food 

energy 

Heal 

Total 

: I 0 .SS 

.\s jiorcent- 
age of feed 
energy 

FtM)d 

energy 

Ilea 

Total 

1 loss 

As iM»rcent- 
age of feed 
energ> 


i Calories 

Calories 

Percent 

Calories 

('nlories 

Percent 

1 .. ... 

1,270 

9,52 9 

75 0 

1,270 

I,(K)3 1 

79 0 

2--- .. . 

1.445 

1.084 9 

75 1 

1,445 

1 , 116.0 

77 2 

3_ , ..... 

1,3.55 

1,1X27.0 

75 8 

l,:i.55 

1,075 0 

79 3 

4 

1,.508 

1,173 4 

77 8 

1,.508 

1,182 5 

78 1 

6 _.-..... 

1,415 

1 , 12:1 2 

79 4 

1,415 

1. 109 4 

78 4 

6 _ _ 

1,749 

1,356 5 

77 6 

1,740 

l.:i66 8 

78 6 

7. ... . 

1,581 

1,176 4 

74 4 

1.581 i 

1,218.0 

77 0 

8 . 

1, 134 

915 9 

80 8 

1 , i:i4 

926 7 

81 7 

9.. . 

l,:i83 

1,087 4 

78.6 ! 

1,383 

1,113 3 

80.5 

10 ._ _ 

1,360 

1,098 8 

80.8 i 

1.3W) 

1,108.5 

81 5 

11 .- . 

1,384 

1,060.0 

76 6 1 

l,:iH4 

1.097 3 

79 3 

12 .. . . ... 

1,711 

1,308 1 

76.5 ! 

1,709 

1,376. 4 

80 5 

Average. 

1,441 

1,113 7 

77.4 

1, 440 

1,141. 1 

79 3 
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Table 20. —Nitrogen of body gain of rats fed vitamin-D-supplemented or vitamin-D- 
deficient diets as related to fat and energy of body gain and to nitrogen of food 

KATS FKD VITAMIN-D-SUPPLEMKNTED DIET 


Pair no. 

j 

N itro^en 
of body 
Kftin 

i 

Fat gained 

Energy gained 

Nitrogen of food 

Total 

Per gram 
nitrogen 
gained 

Total 

As fat 

As pro¬ 
tein 

Total 

Utilized 
for body 
gam 


Grams 

Grains 

Grams 

Calories 

Percent 

Percent 

Grams 

Percent 


1 30 

8 6 

0.5 

126.1 

04 0 

35 4 

11.52 

11.3 

2___ 

1 09 

8 9 

5.3 

144 5 

56.7 

43 3 

13 15 

12.9 

3 _ _ j 

1.08 

0 7 

4 0 

121 0 

51.4 

48.6 

12. 32 

13.6 

4 -- f 

1 .19 

4 9 

3 1 

103.5 

44 0 

.10.0 

13 73 

11.6 

5 - - . - 1 

I 40 

I 3 

9 

04 4 

18.0 

81 4 

12 87 

11.3 

6 - - 

1 70 

.1 0 

3 3 

111 3 

40.5 1 

5 

15 98 

10.6 

7 

1 20 

11 .1 

9 6 

1.15 6 

70. 2 

29 8 

14 40 

8 3 

S 

80 

2 1 

2 

34 8 

5 5 

94 5 

10.27 

8 4 

« 

I 30 

2 .1 

1 8 

77 1 

28 7 

71.3 

12 57 

10 8 

10 

1 3.1 


.3 

47 8 

8 0 

91 4 

12 35 

10 9 

11 

1 0,3 

4 () 

2 .1 

92 7 

39 1 

60 9 

12 01 

12.9 

12 

2 00 

,1 2 

2 5 

1 121 7 

39 2 

60 8 

1.1 62 

13 2 

Avt*nij?o 

1 49 i 

1 

.1 0 

3 3 

i 100 1 

I_ 

39 4 

60 6 

13. 12 

11.3 


HATS FKD VITA MIN-D-DEFICIENT DIET 


1 . 

i 

1 60 1 

2 0 

I 2 i 

1 

72 4 1 

25 8 

74 2 

11.52 

14.4 

2. 

1 48 

4.8 

3 2 

94 9 

45 8 

54 2 

13 15 

11 3 

3. 

1 65 

1 6 

1 0 

71 4 

20 0 

79.4 

12 32 

13.4 

4 ---- . - . 

I 71 

3 8 

2 2 

92 8 

SH 4 

61 6 

13 73 

12 5 

5..- 

1 87 1 

2 0 

1 1 

81 4 

22 2 

77 8 

12, 87 

14.5 

0 . __ 

1 80 

3 5 

1 9 

92 5 

34 4 

65 0 

15 89 

11.7 


1 70 

6 5 

3 8 ‘ 

124 8 

49 4 

50 6 

14.40 

11.8 

8 .... 

1 20 

- 6 

- 5 1 

36 8 

-16 0 

MG 0 

10 27 

11.7 

9 

1 41 

1 1 

.8 

53 2 

16 9 

83 1 

12 57 

11.2 

10 . ... 

1 39 

- 1 0 

— 7 1 

35 7 

-25 5 

125 5 

12 35 

11.3 

11. 

1 80 

1 1 

.6 1 

68 7 

13 7 

80 3 

12 61 

14.8 

12. . - 

1 91 

3 

2 

67, 3 

4 2 

95 8 

15. 59 

12.3 

Average. . - 

1 04 

2 1 

'"■"iT 


19 2 

80 8 

13 11 

12.6 


Table 21. — Vrinary carbon of rats fed viiamin-D-s apple merited or vitamin-D- 
dejicient diets as related to urinary nitrogen 



Hat‘'fed vitamin*D-supplcinented 
diet 

: Hats fed vitamin-D-delicient diet 

Pair no. 







Urinary 
[ carbon 1 

Urinary 

nitrogen 

(^arbon 

nitrogen 

ratio 

Urinary 

carlwn 

I’rinary 

nitrogen 

Carbon 

nitrogen 

ratio 


Grams 

Grams 


Grams 

Grams 


1 . _... 

7 14 

9.03 

0 8 

6 88 

8 62 

0.8 

2- - ___ 

7 87 

9 86 

.8 

7 70 

9.75 

.8 

3 

7 27 

9 (M) 

.8 

7. 16 

9 17 

.8 

4 . . _ . .. 

8 53 

9 89 

.9 

8.46 

10 18 

.8 

5 ... . 

8 11 

9 01 

9 

7 85 

9 46 

.8 

6 , . . 

9 52 

II m 

.8 

9 24 

11 76 

.8 

7 . .. 

8 90 

11,40 

.8 

8 35 

10.36 

.8 

8. . . _ 

6 .38 

8.29 1 

.8 

6 15 

7 85 

.8 

9 - ..-. 

7 81 

9,55 

.8 

7 51 

9.57 

.8 

10_ _ . ... _ 

7 88 

8.99 

.9 

7.91 

9 38 

.8 

11 ... ... .. 

8.18 

9 41 

.9 

7.30 

9.11 

.8 

12..... 

9.81 

11 44 

.9 

9 90 

11. 17 

.9 


__j 






Average.... 

8 12 

9.79 

.8 

7.87 

9 70 

.8 
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Table 22. —Digetttibility of protein and energy-producing nutriment of diets con-- 
taming or lacking vitamin 6, when fed to rats 



Rat.'? fed vitiiniin-D-siippleniented diet 

Rat.s fed vituinin-I)-deflcient diet 

Pair no 

Nitrogen 


EiiorRy 

1 

Nitrogen 


Eiierny 



Food 

Feces 

Di¬ 

gested 

1 

Food 

Feces 

Dj- 

geste<l 

1 

F(H)d 

Feces 

Di- 

Kested 

Food j 

Feces 

Di- 
Res led 




Per- 

Cato- 

f'a/o- 

Per- 



Per- 

(’afo- 

< 'ala- 

Ptr- 


(ha nm 

Grams 

cent 

ries 

Ties 

cent 

Ora rns 

Grams 

cent 

nes 

ries 

cent 


11 Wi 

0 77 

93 3 

1,270 

115 6 

90 9 

11 52 

0 85 

92 6 

1, 270 

120 7 

9) 5 


i:^ I.*) 

95 

92 8 

1,415 

132 2 

90 9 1 

13 15 

1 10 1 

91 6 

1. 445 

119. 8 

89 6 


12 32 

86 

93 0 

1, 3.‘;5 

127 8 

90 6 i 

12 32 

84 

9.1 2 

1,355 

128 6 

90 5 


n 73 

1 02 

92 6 

1, ri08 

140 2 

90 7 1 

13 73 

99 

92 8 

1. 598 

1.39 2 

9 » H 


12 S7 

1 11 

91 1 

1,415 

140 7 

90 1 

12 87 

1 01 

92 2 

1.415 

139 7 

90 1 


I.*) UH 

1 32 

91 7 

1,749 

177 1 

89 9 

15 89 

t 1 31 

91 6 

1, 740 

179,0 

1 89 7 


14 40 1 

1 07 

92 6 

1, .581 

154 8 

90 2 

14 40 

1 10 

92 4 

l,.58l 

146 6 

90 7 


10 27 

81 

92 1 

1, 134 

113 7 

90 0 

10 27 


92 5 

1. 134 

103 5 

90 9 


12 57 

89 

92 9 1 

l,38;i 

133 4 

90 4 

12 57 

97 

92 3 

1 1,383 

133 5 

9) 3 


12 35 

97 

92 1 

1. 360 

131) 3 

90 4 

12 35 

97 

92 1 

1 1,360 

130.3 

90 4 

'! 

12 01 

99 

92 1 

1. 3H4 

145 0 

89 5 

12 61 

90 

92 9 

1,384 

137 2 

90 1 


15 02 

1 31 

91 6 

1,711 

176 7 

89 7 

15 .59 

1 16 

92 6 

1.709 

160 9 

90 6 

AveriiKt*. 

13. 12 

1 01 

92 3 

1.441 

149 6 

99 3 

13 11 

1 00 

92 4 

J 

1.440 

139 1 

1 

90 4 


PKESENTATION OF RESULTS 

Both animals of a pair received the same amount of the same diet 
(the weight of the viosterol administered being negligible) and the 
animals were weighed daily in the morning before feeding. The 
growth curves for the entire feeding period are shown in figure 

The gains in gross live weight revealed 6 greater gains by the vita¬ 
min 1) rats, and b by the rats on the vitamin 1) delicient diet; and the 
gains in empty body weight showed that in 9 cases of the 12 the 
vitamin D rats made larger gains than did their pair mates (table 17); 
but the gains were small, and on neither basis of comparison were 
there statistically significant diflerences between the results of the 2 
troatinents. 

Although tlu' rats showed no signs of lack of vitamin A, they grew 
but slowly. In view' of the method of food ap])ortionment employed, 
the rats on the rachitogenic diet undoubtedly held back their paii* 
mates, in food consumption and in growth. l''he rats on the vitamin 
deficient diet refused a part of their food a total of 381 times as com¬ 
pared with 259 refusals for the rats on the supplemented diets. This 
difference w as statistically significant. 

The development of rickets is more pronounced, on a rachitogenic 
diet, when growth is more rapid than it w^as in this experinumt. 
However, a comparison of the X-ray photographs of the rats, taken 
at the end of 10 weeks, showed a distinct effect of the vitamin defi¬ 
ciency. Those individuals which received viosterol regularly showed 
norinal development of the bones, wdiile all of those on the rachito¬ 
genic diet showed malformation as shown in figure 2. 

On an average, for trie 12 pairs, 94.04 percent (90.21 to 96.98) of 
the food nitrogen was recovered in the urine, the feces, and the body 
gains. The nitrogen not accounted for may be considered to represent 
shed hair, ammonia evaporated from the urine, and analytical error. 

The rats on the complete diet gained significantly more fat and 
energy (table 20) and eliminated more carbon in the urine (table 21) 
than did the rats on the vitamin-D-deficient diet. 
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With the vitainin-D-deficieut rats there was a higher percentage 
utilization of nitiogen for body gain (table 20), a higher percentage of 


the gain was protein (table 20), and there w as also a greater heat loss 
(table 19) than there was with the rats on the complete diet. 
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There were no significant differences between the two groups as to 
the metabolizabUity of the energy of the rations (table 18), the digesti¬ 
bility of either the nitrogen or the enei^y of the rations (table 22), the 
gain in live weight (table 17), the nitrogen of the urine (table 21), the 
energy of the urine and feces, or the ratio of (*arbon to nitrogen in tne 
urine (tables 21 and 22). 

The carbon-nitrogen ratio of the urine was either 0.8 or 0.9 in every 
case, averaging 0.8+ with both groups of rats. The diet was high in 
protein (23.63 percent), and the ratio of carbon to nitrogen was about 
the same as in another experiment of this series in which the diet was 
about equally rich in protein. 

THE EFFECTS OF VITAMIN G DEFICIENCY 

The published work on vitamin G as affecting the utOization of food 
being meager and for the most jiart confined to observations on gain 
of live weight, an experiment was planned especially to deteiiuine the 
characteristic differences in the details of utilization of the protein and 
energy of food when supplied with and without adequate amounts of 
vitamin G. The method of experimentation was as in the foregoing 
studies of this series. 

Kon {17) emphasized the necessity of determining the actual chemi¬ 
cal composition and energy content of the gains in weight in investiga¬ 
tions involving the relation of any indisj)ensable nutrient to the meta¬ 
bolism of matter and energy; and in an earliei jiaper {!(>) suggested 
that vitamin G is intimately concerned with the general oxidative 
processes, though he later concluded {17) that its association with the 
metabolic processes of the body is merely comp irable to that of other 
indispensable food ingredients. 

St. Julian and Heller {27) found the digestibility of protein to be 
somewhat lower with rats whicl) received a vitamin Bi and a vita- 
min-B 2 -deficient diet supplemented with vitamin B 2 alone, than when 
the diet was supplemented with vitamin Bi alone, or w ith vitamin Bi 
and B 2 together, or when no supplement was added. This finding, 
however, is not stressed by the authors, and they conclude that vita¬ 
mins A, Bi, B 2 , 0, and D exert no effect on tlie digestibility of protein, 
fat, and carbohydrate. 

Hassan and Drummond {13) noted that the heat-stable alkali- 
resistant fraction of the vitamin B comple.x in yeast extract renders 
very high protein diets adequate for grow th. 

Graham and Griffith {11) found a decreased utilization of food, for 

E ;ain in live weight, when both vitamins B and G were supplied at a 
ow level. They found that both vitamins were iioce.ssary for normal 
appetite, and that these two vitamins ^‘seemed to depend upon the 
presence of each other for their activity a finding which furnishes an 
example of the general interdependence of the values of food nutrients 
as stated by Forbes {6), 

EXPERIMENTAL PROCEDURE 

Twelve pairs of weanling rats, the pair mates being from the same 
litter and of the same sex, were fed, for 14 weeks, in a growth-, meta¬ 
bolism-, and body-analysis experiment. 

The basal ration was composed as follows: Casein (vitamin-free) 
18 percent, Osborne and Mendel salt mixture 4 percent, Crisco 10 
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percent, dextrin 64 percent, Cellu flour 2 percent, and cod-liver oil 2 
percent. Vitamin Bi was supplied in equal and sufficient amounts to 
both groups of rats in the form of a concentrate.^ 

Some difficulty was experienced in providing the desired difference 
in vitamin G content of the diet as fed to the two groups of rats. 
Autoclaved yeast was not suitable as a source of vitamin G because of 
accompanying protein and energy which it would contribute; and the 
use of yeast which had been exposed to ultraviolet rays seemed unde¬ 
sirable on account of the inconsistent results of this method of destruc¬ 
tion of vitamin G, as reported in the literature. During the first 7 
weeks of the experiment 2 methods of accomplishing the stated purpose 
were tried. A concentrate prepared from dried brewer^s yeast having 
proved ineflective, an attempt was made to secure the desired difference 
in vitamin G by supplementing the diet for one group with untreated 
yeast, and for tlie other with a like amount of yeast previously heated, 
dry, at 100° (\, to destroy vitamin G. Elevehjem and his associates 
(4), working with cliicks, secured about 50 percent destruction of 
vitamin G by heating baker’s yeast at 100° for 144 hours. In the 
light of this finding, samples of yeast were heated in a Freas oven at 
100° for 14 and 29 days, respectively; but neither the growth (fig. 3, B) 
nor the appearance of the rats indicated vitamin G deficiency in the 
ration supplemented with the heated yeast. Block and Farquhar (2) 
have recently published a similar finding. 

The supplement of dry heated yeast was, therefore, discontinued 
at the end of the seventh week, and an aqueous extract of Eli Lilly 
& Co.’s liver concentrate no. 343 was prepared according to the 
method of Guha {12). That liver contains an abundance of vitamin 
G has been quite well established, and there is evidence that it may 
also contain other factors especially favorable to growth and repro¬ 
duction. It is recognized, therefore, that tlie water extract of the 
liver concentrate used in this experiment may have furnished more 
than a single factor in exerting its influence on the utilization of the 
protein and energy of the food. 

Beginning w ith the eighth w eek (fig. 3, i?) one rat of each pair received 
daily 0.5 cc of the extract, the high potency of which permitted its 
use in small amounts, thus minimizing the difference between the 
protein and energy intake of the two groups of rats. All supplements 
fed were carefully weighed and analyzed, and were considered in the 
computation of the intake of protein and energy. The rats given the 
supplemented diet received (on an average) is Calories (1.07 per¬ 
cent) more feed energy and 0.37 g (4 percent) more nitrogen than did 
their pair mates, in the course of the 14 weeks’ experiment. 

The rat of pair no. 6, which received the vitamin-G-deficient diet, 
died at the end of the tenth week, as a result of vitamin G avitamin¬ 
osis, indicating that the dry-heating of the yeast used earlier in the 
experiment was not entirely ineffective in destroying vitamin G. The 
pair mate of this rat was killed for purposes of comparison. 

In order to prevent more of the vitamin-G-dencient rats from 
dying, and to permit limited growth, small weighed amounts of 
yeast were added to the vitamin-G-deficient diet from time to time: 
observations on the condition and appearance of the rats were also 
made every few days and rectal temperatures of the rats were taken 
daily during the last 2 weeks of the experiment. 


f This concentrate was kindly donated by Parke» Davis & Co. 
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Various decrees of surross have been reported by workers who have 
attempted to produce vitamin-G-deficiency derniatitis. At tlie end 
of this ex])eriment there were 7 cases (out of a possii)le 12) of vitamin 
G avitaminosis, as indicated eitlier by outward appearance or by 
autopsy, with individual variations as to symptoms and as to severity. 



Fk.uke 4 -Unis of p.iir nos 10 and 12, respectively, A and (' heinp \ilaniin O deficient, j nd li and I) 

being nurnial rats. 

The deficient rats of pairs 3, 4, 7, and 11 developed mild pellagralikc 
conditions, while tlie symptoms of the deficient rats of pairs (i, 10, 
and 12 resembled closely those reported by Goldlerger and Lillie 
(9) and by Chick and Koscoe (3). The appearance of pairs 10 and 12 
near the end of the experiment, is shown in tigure 4. 
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Since ooprophaj^y was encountered in a few cases, a wire tunnel was 
devised (fig. 5) which, when attached to tlie feed cup, prevented the 
rat from turning round during the taking of feed. While this device 
by no means wholly prevented the eating of the feces, it aided materi¬ 
ally, as judged by the decrease in number of small particles of feces 
found in the crystallizing dish below the cage. 

At the end of the experiment the rats were killed, and the contents 
of the alimentary tract were discarded as in the other experiments of 
this series. Observations made on the organs of the rats at this time 
revealed, in some cases, 
no difference between 
pair mates, but in pairs 
3, 0, 7, 10, and 12 enter¬ 
itis and accumulated 
in testinal g a s w e r e 
manifest, especially in 
the small intestine, 
these conditions being 
most marked in pairs 
0, 10, and 12. All of 
the rats which re¬ 
ceived the liver sup- 
[ilement apjieared 
healthy and normal 
tliroughout the experi¬ 
ment and at autopsy. 

PKESENT.\TION OF 
RESULTS 

A statistical study 
of the weekly gains in 
live weight revealed a 
superiority of |)er- 
formance by the rats 
which recei\ed the 
sup|)lemented diet, the 
significance of w hich is 
indi(‘ated by odds of 
1,000 to 1: also there 
were 510 refusals of 
feed, 350 of w hich w ere 
from the rats on the 
deficient diet. That 
the rats which re¬ 
ceived the vitamin (} deficient diet limited the food consumption of 
their pair mates is, therefore, indicated by overwhelming odds. This 
fact, however, is not n(»cessarily an indication that vitamin G has a 
direct, specific effect on appetite, but may signify only that the lesser 
food consumption is incidental to vitamin G avitaminosis. 

Except for pair 0, the data in tables 23 to 28 represent an experi¬ 
mental period of 14 weeks. Early in the experiment there were no 
symptoms of vitamin G avitaminosis, probably because of a small 
amount of vitamin G in the deficient ration,and because of a body store 
of vitamin G. Well-defined results obtained from the whole period 
of 14 weeks, therefore, may be interpreted with confidence. Differ- 



Fkh'RK 6 A rat entini? iiiMili* a screen cylinder which diminished 
copropiiaciy. 
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ences in average values for the two groups of rats presented in the 
tables should be considered to have directional rather than quantita¬ 
tive significance, however, since the values obtained depend on the 
extent of the concurrent avitaminosis. In general, the greatest differ¬ 
ences between pair mates shown in the tables correspond to the 
greatest differences between pair mates as judged by their beliavior 
and general appearance—toward the end of the experiment and at 
autopsy. 


Table 23. —Gain in body tveighi^ of ratHfedviiamin^Gsupplemented or viiamin-G^ 
deficient diet a as related to dry matter of food 


Pair no. 

Sex 

Rats fe<i vitaniin-0-.sui>plemented 
diet 

Rat.s fed \ Itamln-d-deflcient 
diet 

Food eaten 
(dry mat¬ 
ter) 

Clam in 
body 
weight 

Ratio of 
gain to 
dry matter 
of food 

Food eaten 
(dry mat¬ 
ter) i 

(lain in 
body 
weight 

Ratio of 
gam to 
dry matter 
of food 



OrnriM 

Grams 

Percent 

Grams 

Gra m « 

Percfvl 

1-__ 

cf 

312.4 

44 97 

14 4 

307.4 

30 38 

9 9 

2.-. 

9 

346 8 

38 07 

11.0 

342 0 

28 84 

8 4 

3 __ 

d' 

361.6 

52 82 

14 6 

356 6 

39 12 

11 0 

4... 

9 

318 8 

28. 76 

9 0 

313 9 

14 18 

4 5 

5.. 

9 

304.0 

34 03 

11 2 

299 3 

30 64 

10 2 

6.. - 

d 

‘m 0 

24 85 

10 8 

226 5 

5 00 

2 2 

7.- 

cf 

317 2 

25.92 

8 2 

313 2 

25 38 

8 1 

8. 

d 

452.6 

75 61 

10 7 

447 9 

59 05 

13 2 

9. 

9 

385.9 

38 33 

9 9 

381.7 

40 99 

10 7 

10.-.- 

9 

333 4 

38 92 

11 7 

329 9 

1 61 

5 

11. 

9 

338 8 

26 57 

7 8 

335 0 

16 76 

5 0 

12.. 

cf 

403 4 

67 23 

16 7 

398. 5 

19 30 

4 8 

Average. 


342 1 

41 34 

11 8 

337 7 

25 94 

7 i 


> C'lontents of alimentary tract removed. 


Table 24.- -Energy of body gain of rats fed vilamio-G-supplemented or vitamia-G- 
deficient diets as related to energy^ and to metabolizable energy, of food 


Pair no 


1 .. 

2 

3 . 

4. 

5. 
fi-. 
7-. 

8 

9 .. 

10 . 

11 . 

12 .. 


Rats fed vitamin-(J-sni)j»lemented diet 

Rat.s fed \ itamin-(l-dellcienl diet 

Body 











gain of 











energy 


Body gain 




Bodv gain 



of vita- 





Body 

gain 





Body 

gam 

min (i 









defl- 

Food 


As per- 

Metalw)- 

lir.able 

as iMsr- 
centage 

Food 


As per- 

Metabo¬ 

lizable 

as i>er- 
eentage 

eient 
rat.s as 

energy 


cent- 

of me- 

energy 


cent- 

of me- 

per- 

Total 

age of 
food 


tabollz- 

Total 

age of 


taboliz- 

cent- 




able 



food 


able 

age of 

Calo- 


energy 


energy 



energy 


energy 

pair 

mate 

Cato- 

Per- 



Cato- 

Cato- 

Per- 




ries 

ries 

cent 

Calories 

Percent 

ries 

ries 

cent 

Calories 

Percent 

Percent 

1, 553.3 

91.2 

5 9 

1,432.5 

6.4 

1,532.1 

45 4 

3 0 

1,415 4 

3 2 

49 8 

1, 724.8 

106 0 

6.1 

1,581 1 

6.7 

1,705.4 

74 2 

4 4 

l,65:t 0 

4.8 

70 0 

1,798.8 

96 4 

.5.4 

1,656.1 

,5.8 

1,778.5 

.59 9 

3 4 

l,ti41,1 

3 6 

(»2 1 

1,584 8 

70.6 

4.5 

1,447. 2 

4.9 

1,.5(W.9 

31 1 

2 0 

1, 430 9 

2 2 

44 1 

1, 510 8 

61 3 

4 1 

1,387.6 

4 4 

1,491.8 

65.1 

4 4 

1,341 6 

4 9 

106 2 

1, 143 4 

38 7 

3 4 

1,056.0 

.3.7 

1,129. 2 

-7 5 


1,040 0 



1, 576. 7 

30. 7 

1.9 

1,440 2 

2. 1 

1,560 5 

46.2 

' 3 0 

1,443 8 

3 2 

’1,50. ,5 

2,2,53.5 

159.0 

7.1 

2,080 6 

7 6 

2,2;i4 3 

91. 5 

4. 1 

2.076 0 

4 4 

,57. 5 

1,920.5 

73.9 

3.8 

1,7.59 8 

4 2 

1,903 5 

75. 5 

4.0 

l,72;i 7 

4 4 

102. 2 

1,658.7 

87 0 

5.2 

1,513 4 

5 7 

1,644 9 

-6. 5 


1,436 9 



1,684. 7 

59.8 

3 5 

1.649.4 

3 9 

1,669.3 

31.2 

To 

1,615 0 

’ 2.i 

*52 2 

2,007. 7 

153.1 

7.6 

1,858.9 

8.2 

1,987.0 

33 0 

1.7 

1,819 1 

1.8 

21.6 

1,701.5 

85.6 

4 9 

1,663.6 

6.3 

J.683.6 

44.9 


1, ,536. 4 

. 



Average.. 
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Table 25 .—Heat loss of rats fed vitamin-Gsupplemented or vitamin-G^deficient diets 
as related to energy of food 


Pair no 

Rats fed vitamin-O-supplemented 
diet 

Rats fed vitamln-0-deficient 
diet 

Food 

energy 

* Heat loss 

Food 

energy 

Heat loss 

Total 

As percent¬ 
age of 
food energy 

Total 

As percent¬ 
age of 
food energy 

i 

Calories 

i Calories 

Percent 

Calories 

Calories 

Percent 

1 .... - . _ . . 

1,553 3 

1,341.3 

86 4 

1,532 1 

1,370 0 1 

89,4 

2 ... ’ _ 

1,724 8 

1,475 1 

85 5 

1,70.5.4 

1,478.8 1 

86.7 

3- .. . -- 

1,798 8 

1.559 7 

8fi 7 

1, 778. 5 

1,581.2 

88 9 

4 . _ 

1,584 8 

1,370 ft 

8ft 9 

1,664 9 

1,399.8 

89.4 

5 . 

1,510 8 

1,320.3 

87.8 

1,491.8 

1,276 5 

85.6 

fJ _ - . - -- 1 

1.143 4 

1,017.3 

89 0 

1. 129 2 

1,047.5 

92.8 

7 j 

1,570 7 

1,409 5 

80 1 

1 1,560 5 

! 1,397 6 

89.6 

8 _ _ - * 

2,253. 5 

1,921 6 

85.3 

2,234 3 

1 1,984.5 

88.8 

9 .. . 

1,920 5 

1,68,5.9 

87 8 

1,903 5 

1,648 2 

86 6 

10 _ 

1.058.7 

1.42ft 4 

8fi 0 

1,644.9 

1,443 4 

87 8 

11. _ - - 

1,084 7 

1,489 6 

88 4 

l,6fi9 3 

1,483.8 

88.9 

12.-.. 

2,007 7 

1,705 8 

85.0 

1,987.0 

1,786 1 

89.9 

Avorape 

1,701 5 

1,477.9 

87 0 

1,683 5 

1,491.5 

88 7 


Table 26 .—Nitrogen of body gam of rats fed vitamin-G^sidpplemented or vitamin-G- 
deficient diets as related to fat and energy of body gain and to nitrogen of food 

KATS FKD VITAMlNMLSrPPLEMENTED DIET 




Fat pained 

Energy gained 

Nitrogen of food 

Pair no 

Nitrogen 
of body 


Per pram 



As pro¬ 
tein 


Ptiliied 


pain 

Total 

of nitro- 
pen 
gamed 

Total 

As fat 

Total 

for body 
gain 


(trams 

Crams 

(trn ms 

Calones 

(^alories 

Calories 

Grams 

Percent 

1. 

1 87 

3 0 

1 0 

91 2 

27 0 

64 2 

8 81 

21.2 

2 

1 00 

5 S 

3 0 

106 0 

53 2 

52 8 

9 74 

16.4 

3, . .... 1 

2 23 

2 7 

1 2 

90 4 

24 7 

71 7 
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Table 27. — Urinary carbon of rats fed vitamin-G-suppleinented and vitamin-G- 
deficient diets as related to urinary nitrogen 
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Table 28.- -Digestibility of nitrogen and energy-producing nutriment of 
containing or lacking vitamin G, when fed to rats 
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The rats which received the supplemented diet averaged 0.29° C. 
higher in body temperature than did their pair mates, but statistical 
treatment of the data reveals odds of only 4 to 1 that this difference 
did not occur by chance. It may be pointed out, however, that this 
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finding does not contra-indicate a lowt^r level of general oxidative 
metabolism, inasmuch as an abnormal body temperature signifies a 
disturbance of the heat-regulatory mechanism rather than a change 
in heat production. Findlay (5) has reported a drop in body tem¬ 
perature as a terminal feature of vitamin G avitaminosis. 

The superiority of the gains in hodj weight of the rats which 
received the vitamin-G-supplemented diet is shown in table 23, the 
odds being about 525 to 1 that a given amount of the complete diet 
])roduccd more gain in body weight than did a like amount of a similar 
diet which was deficient in vitamin G. No marked differences in live 
weight developed until the supplement of liver extract was added 
(fij::i,/>). 

The body gain in energy (table 24) was, on an average, significantly 
greater in the case of the rats which received the vitainin-G-supple- 
mented diet, though in three cases (pairs 5, 7, and 9) the difference 
appeared to ))e in favor of the deficient diet. The deficient rats of 
these three pairs, throughout the experiment, exhibited little evidence 
of avitaminosis, (^)nversely, the bodies oif two of the rats (from 
pairs () and 10) on tlie deficient diet contained less energy at the 
end of the experiment than at the beginning; and these two pairs 
exhibited the greatest differences in appearan(‘e between pair mates, 
both before death and at autopsy. 

The deficient rat of pair (J, w hich died at the end of the tenth week, 
showed lesions on the paw's and nose, a biometrical symmetry in loss 
of hair, a scaliness of the skin where the hair had fallen out, and 
dermatitis over the entire body. At autopsy there were noted 
ent(*ritis, esf)ecially of the ileum, gas in stomach and intestine, and 
mucuous colitis in the small intestine. The mate of this rat, killed 
wlien the deficient rat died, appeared to be normal. 

The appearance of the rats of pairs 10 and 12, at about the 
end of the (experiment, is shown in figure 4. It is to be noted (table 
24) that the rats of th(\se pail's show’ mark('d differences in the body 
gain of energy. TJie signifi(*anc(» of the great(»r storage of energ^?^ by 
the rats which ivceived the vitamin-G-supplemented diet, on the 
basis of the data in table 24, is indicated by odds of about 400 to 1. 

The heat loss (table 25) was somewdiat higher wdth the deficient 
rats than with the ])air jnates, the significance of the difference being 
expressed by odds of 7 to 1. 

The division of the gain of energy into fat and protein (table 26) 
is based on the actual energy as determined in the ether extract and 
on the nitrogen of the extraction residue of the rat bodie's at the end 
of the experiment, both of these values being corrected for the amount 
of fat and protein in the rats at the start of the experiment, as deter¬ 
mined by the analysis of a control group of 10 similar rats. 

It is of interest to note that the calories of energy gained, as meas¬ 
ured in the body extraction residue, compare favorably with a com¬ 
puted value obtained by multiplying the grams of protein (N X 6.00) 
gained by the factor 5.7. In the case of the rat which died during the 
experiment there is a considerable discrepancy, but wdth the remaining 
23 rats the computed value compares well enough wdth the observed 
value (average, 105.7 percent) to justify the designation of fat and 
protein to the ether extract and the extraction residue, respectively. 

On an average, 66.4 percent of the total energy stored by the 
vitamin-G-supplemented rata was in the form of protein, whereas 

122814—a5-a 
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88.0 percent of the total stored by their pair mates was in this form. 
Thus, though the total gain of energy and the gain of energy as protein 
are considerably greater with the rats which received the supplemented 
diet, their pair mates were relatively more restricted in their ability 
to store fat than they were to store protein. Whether this fact is a 
characteristic effect of vitamin G deficiency, or whether it merely 
represents the strong inherent tendency of the young animal to syn¬ 
thesize protein, is not indicated. 

There was no significant difference in the digestibility of the protein 
and energy of the two rations (table 28). 

The carbon-nitrogen ratios in the urine are given in table 27. The 
significance of the higher ratios obtained from the deficient rats is 
indicated by odds of 35 to 1. These results agree with those of Kon 
{ 16 )y who obtained an increased carbon-nitrogen ratio in the urine 
of rats kept on a diet deficient in \dtamin G. The higher carbon- 
nitrogen ratios result from a higher amount of carbon in the urine, 
the nitrogen content of urine from the two groups being almost identi¬ 
cal. Lack of vitamin G seems to prevent the normal oxidation of 
carbon compounds, which then appear, in increased ([uantities, in the 
urine. 

The energy of tlie urine of the rats which received the supplemented 
diet averaged 51.4 calories, as compared with G1.8 calories for their 
pair mates, the significance of the difference being expressed by odds 
of 32 to 1. 

SUMMARY 

Two metabolism- and body-analysis experiments, of about 90 and 
107 days' duration, respectively, were conducted with 32 rats, fed by 
the paired method, for the comparison of white and yellow corn, as 
components of approximately complete diets, as affecting the utiliza¬ 
tion of nitrogen- and energy-producing nutrients. 

The rats which received white corn in the fii'st ex])eriment mani¬ 
fested xerophthalmia after 90 days' feeding; but the rats which re¬ 
ceived white corn in the second experiment did not show this disorder. 

In the first experiment the yellow-corn ration was superior to the 
white in respect to (1) palatability, (2) gain in weight, (3) gain in 
energy, and (4) proportion of the energy gained which was present as 
fat. On the other hand, the white-corn ration was superior to the 
yellow in (1) digestibility of food nitrogen and (2) digestibility of food 
energy. 

In the second experiment the yellow-com diet was shown to be 
definitely superior to the white corn in (1) palatability, (2) gain in live 
weight, (3) grams of nitrogen gained, (4) percentage of the energy 
gained as protein, and (5) percentage of food nitrogen stored. The 
greater gain in live weight of the rats fed yellow corn consisted of 
protein and water. The rats fed white corn exceeded the rats fed 
yellow corn, however, in (1) digestibility of the food energy, (2) per¬ 
centage of food energy gained as fat, (3) fat gained per gram of nitro¬ 
gen gained, (4) elimination of carbon in the urine, and (5) elimination 
of mtrogen in the urine. 

Considering the two experiments together, the yellow-corn ration 
definitely excelled the white-corn ration only in palatability and in 

f ain produced in body weight; while the white-corn ration excelled in 
igestibility of food energy. In other respects the two experiments, 
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so far as they covered the same observations, were not in definitely 
significant agreement. 

Wliile yellow com is normally more nutritious than white corn 
and normally contains much more vitamin A, and while the particular 
lots of yellow and of white-corn used in these experiments differed as to 
nutritive value, it is considered obvious, in the light of these results 
and of common knowledge of the composition of com, that the differ¬ 
ence in color of white and yellow corn is not positively indicative of 
the usual differences in nutritive value. 

The effects of vitamin A deficiency on the utilization of energy- 
producing nutriment and protein were studied in a growth-, metab¬ 
olism-, and body-analysis experiment with 24 weanling albino rats, 
which were fed, by the paired feeding method, for 84 days, in a 
(comparison of a complete diet with a similar one which differecl only 
in being deficient in vitamin A—the caloric intake being the same with 
both grou])s. 

I'he vitamin-A-deficient rats were maintained in only moderate 
A depletion, and the experiment was terminated soon after avitamino¬ 
sis had become acute and general among the deficient group. 

The complete diet exceeded the vitamin-A-deficient diet only in 
palatability and in gain in live weight and in nitrogen. 

The rats on the vitamin-A-deficient diet eliminated slightly more 
carbon and energy in the urine than did the rats on the complete 
diet, but there were no statistically significant differences between the 
performance of the two groups with respect to digestibility or metab- 
olizability of the diets, nitrogen in the urine, heat production, gain 
of fat or of energy, or gain of fat per gram of nitrogen gained. 

In its early stages the most prominent efl’ect of vitamin A deficiency 
was to depress the appetite. 

The eflects of vitamin D deficiency on the utilization of energy- 
})ro(lucing nutriment and protein were studied, with the albino rat, by 
the paired feeding method, in a growth-, metabolism-, and body- 
analysis experiment of 10 we(‘ks’ duration. 

The dilferences in the response of the rats to the complete and the 
vitamin-D-defieient diets were compared by statistical analysis. 

With ecpiicaloric intake by both groups, the rats on the vitamin-D- 
dcficient diet exceeded their pair mates on the complete diet in utili¬ 
zation of the fo(jd nitrogen for body increase, in the percentage of the 
body gain which was protein, and in heat loss. 

The rats on the complete diet exceeded their pair mates on the vita- 
min-D-deficient diet in appetite, gain of fat and energy, and elimina¬ 
tion of carbon in the urine. 

There were no significant differences between the two groups of 
rats in the metabolizability of the energy of the diets, the digestibility 
of either the nitrogen or the energy of the diets, the gain in live weight, 
the nitrogen of the urine, the energy of the urine and the feces, or the 
ratio of carbon to nitrogen in the urine. 

The diets contained 23.63 percent protein; and the ratio of carbon 
to nitrogen, in the urine, with the rats on the vitamin-D-deficient as 
well as those on the complete diet, was 0.8+. 

Twelve pairs of young growing rats were fed by the paired feeding 
method for 14 weeks, with quantitative collection of feces and urine, 
and analysis of the rat bodies, to determine the effects of vitamin G 
deficiency on the utilization of the food protein and energy. 
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A water extract of a liver concentrate proved to be a satisfactory 
source of vitamin G, and a small amount of this extract was given 
daily to one rat of each pair. 

The deficiency of vitamin G depressed the appetite, the growth, 
the synthesis of protein and of fat, and the storage of energy. 

The deficiency of vitamin G did not appreciably affect the digesti- 
bilty of the protein and energy of the diet, nor did it exert any certain 
effect on the heat production. 

The deficiency of vdtamin G had the effect of increasing the carbon- 
nitrogen ratio in the urine, thus indicating a relationship between the 
oxidative processes and this vitamin. 
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ERGOT AS A FACTOR IN THE NUTRITIVE VALUE OF RYE 
FOR RATS AND SWINE ^ 


By p. W. Johnson, in«<rMdor, Division of Animal Husbandry^ and L. S. Palmer, 
dairy chemist^ Division of Agricultural Biochemistry^ Minnesota Agricultural 
Experiment Station 

INTRODUCTION 

In view of the numerous reports 4, Oy 7, S, 9y of cases of ergotism 
both in livestock and human beings, and especially in view of the 
fact that rye is but rarely free from ergot {(^aviceps purpurea (Fr.) 
Till.), it is surprising that its effect upon the nutritive value of rye 
has never been thoroughly investigated. So far as the writers are 
aware, the only investigation of this nature which has any significance 
from the standpoint of livestock feeding is that of Sackville and 
Sinclair.^ These authors reported that rye containing 1.46 percent 
of ergot was worth only 92 percent as much as pure rye, for the 
former was so distasteful that it was impossible to get the pigs to 
eat sufficient quantities of it to make satisfactory gains. 

In a previous investigation (3), it was found that when the ergot 
was removed from rye the rye was eaten readily, even when not 
mixed with protein supplements. Furthermore, there was never 
any indication of the disturbances which so commonly occur when 
rye is fed to swine. The possibility that such disturbances mijjht be 
due to the small amounts of ergot which are usually present in rye 
was investigated with both rats and swine. The results of the 
investigation are presented in this paper. Since a review of the 
literature has already been given (»?), it is omitted here. 

EXPERIMENTS WITH RATS 
effec:t of i pekc:ent of ergot upon growth 

It was desired to determine first whether ergot has any effect upon 
growth when the food intake of ergotized diets and of basal diets are 
equalized for pail's of rats of the same age, weight, and sex. Accord¬ 
ingly, ergot obtained from a drug company was incorporated at a 
1 percent level in a diet containing rye and at the same level in a puri¬ 
fied diet. The 1 percent of ergot replaced 1 percent of dextrin in each 
basal diet. The basal diet in which rye was used consisted of 91.74 
percent of ergot-free i*ye, 4,76 percent lard, 2.50 percent salt mixture, 
and 1 percent dextrin. The purified diet consisted of 66 percent dex¬ 
trin, 20 percent casein, 10 percent lard, and 4 percent salt mixture. 
Six pairs of male rats were fed the rye diets and 3 pairs of females and 
1 pair of males were fed the purified diets. Each rat used in these ex¬ 
periments, as well as in the experiments that followed, was given daily 
in addition to the basal diet a supplement of 500 mg of yeast tablets 

• Received for publication Oct 10, 1034; issued April, 1935, The contents of this paper were pre¬ 
sented by the senior author to the faculty of the University of Minnesota in partial fulmlment of the re¬ 
quirements for the degree of doctor of philosophy August 1933. Fai)er no. 1307, Journal Series, Minnesota 
Agricultural Experiment Station. 

^ Reference is made by number (italic) to Literature Cited, p. 45. 

3 Sackville, J. P., and Sinclair, R. D. barley vs. ryk for fattening pigs. Alberta Univ. Dept. 
Anim. Husbandry Mimeographed Kept. Expt. 49. 1923. 
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which had been immersed in cod-liver oil. In all diets the salt 
mixture used was that of Hawk and Oser (2). 

The composite growth curves of the rats of the first two experi¬ 
ments are shown in figure 1, A to 1). The lack of growth of the rats 
receiving the rye diets and the slight growth of those receiving the 
purified diets was occasioned by low food intake. The former con¬ 
sumed 17.5 g and the latter 25.06 g of food per rat per week during 4 
weeks. 

Although the addition of ergot apparently rendered the lye diet 
more unpalatable than the purified diet, a similar relationsliip has 



been found between the consumption of a diet containing 90 percent 
or more of ergot-free rye and the consumption of a purified diet when 
both were offered ad libitum. This difference in food consumption 
may not have been entirely a matter of palatability but may have 
been due in part to the higher protein content of the purified diet. 

Four of the rats that received the rye diet containing ergot ancl two 
of the controls had died of starvation by the end of 6 weeks. There 
was no mortality among the rats that received the ergot as a part of 
the purified diet. Growth of the controls in each ex])eriment was but 
little better than that of their pair mates because of their restricted 
food allowance. There were no outward manifestations of ergotism 
in any of these rats. 
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EFFECT OF LIVER MEAL IN OVERCOMING UNPALATABILITY OF DIETS CONTAINING 
ERGOT AT 1-. 0.6-. AND 0.1-PEROENT LEVELS 

Because of the pronounced effect of 1 percent of ergot upon food 
intake an effort was made to determine the effect upon food consump¬ 
tion of lower percentages of ergot and to find whether a liver meal (a 
special product made from livers) which had previously been shown to 
enhance greatly the palatainlity of the pruified diet and of diets con¬ 
taining rye (5), would overcome the distastefulness of ergot-treated 
rations. 

The basal diet consisted of the following: Rye, 90 percent; dextrin, 
7.32 percent; and salt mixture, 2.68 percent. Five modifications of 
this diet were fed: (1) with 1 percent of ergot; (2) with 6.32 percent of 
liver meal; and (3-5) with 6.32 percent of liver meal and 1.0, 0.5, and 
O.I percent, respectively, of ergot. The ergot or liver meal and ergot 
rc])laced an equivalent weight of dextrin in each diet. After the 
se(‘ond week the liver meal in the diet containing 6.32 percent liver 
mca.l and 1 percent ergot was increased to 20 percent (fig. 1, 6), Six 
rats, 3 males and 3 females, were fed each diet, except the first 
modification, which was fed to 6 males. All diets were consumed ad 
libitum. 

Th(» composite growth curves for the rats in this series of experi¬ 
ments are given in figure 1, E to J. An inspection of these curves 
reveals that the liver meal, even when comprising 20 percent of the 
diet, did not overcome the distaste of the rats for the diets containing 
ergot and tliat tu’got retarded growth even when fed as 0.1 percent of 
the diet. The addition of the liver meal to the rye basal diet caused 
a pronounced increase in the food consumption and growth of the 
rats, as shown in table 1. 


Tamm: 1 - Average ive(kly quantity {grams) of food consumed by rats in a comparisori 
of the effect of ergot when fed with rye 


Food consumed for eek indicated 


Ration and se\ of rats in }irout)S 


Basal (3 male, 3 female) . . . _ 

Basal 4- I 0 percent ernot (rt male) - . 

Basal -I liver meal (3 male. 3 female). . ..- 

Basal + liver meal -f 1 0 iH'rcent ergot (3 male, 3 female)- - 

Basal f liver meal H 0 5 percent ergot (3 male, 3 female)- 

Basal liver meal 4- 0.1 percent ergot (3 male, 3 female)__ 


1 

2 

3 

4 

5 

58. f) 

58 6 

68 3 

72 1 

75.8 

26. 1 

21.8 

22. 2 

19 G 


80 1 

107 3 

96 6 

91.3 

'i09.'5 

31 ] 

28 6 

52.0 

25.4 

18.7 

46 8 

37. 2 

51 8 

41.2 

54.6 

65 8 1 

75.8 

71.8 

61.6 

79.8 

[ 


GROWTH OF RATS RECEIVING CORN AND RYE DIETS WITH AND WITHOUT ERGOT 

An effort was made to find whether a diet made up of ergot and corn 
would be as unpalatable as a diet of ergot and rye. 

The rye diet contained 82.17 percent rye; 12.47 percent trinity 
(2 parts tankage, 1 part linseed meal, and 1 part alfalfa meal); 1.97 
percent salt mixture; 0.53 percent agp; 1.96 percent lard; and 1.0 
percent dextrin. The corn diet contained 79.27 percent corn; 12.47 
percent trinity; 1.97 percent salt mixture; 0.98 percent agar; 1.08 
percent lard; and 4.23 percent dextrin. These diets were isodynamic. 
They were fed ad libitum and also in a paired feeding test. Two other 
groups of rats were fed each of the basal diets in which 0.5 and 1 per¬ 
cent, respectively, of ergot replaced an equivalent weight of dextrin. 
This ergot was not from the same supply as the ergot used in the 
experiments reported in sections I and 2 but was purchased from the 
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same company. Three male and three female rats were fed each diet 
The growth and food consumption data for this series of experiments 
are tabulated in table 2. 


Tablts 2 .—Average weekly quantity {grama) of food consumed and gain in weight by 
rats for 4-, 10-^ and 12-week periods in the comparison of the effect of ergot in 

diets of corn and rye 


Ration 


Corn diet 4-1.0 percent ergot - . - 

Rye diet+l 0 iMjrceiit ergot - 

Corn diet 4-0 5 percent ergot ------ 

Rye diet 4-0 5 jiercent ergot- 

Corn basal diet (ad libitum)- 

Rye basal diet (ad libitum)- 

Corn basal diet (paired) 

Rye basal diet (paired) 


4 weeks 

8 weeks 

10 weeks 

12 weeks 

F(kk1 

Gain 

Food 

Gain 

Food 

Gain 

Food 

Gain 

60.6 

11 0 

59 7 

13 6 

61.9 

12.6 

63 4 

11.5 

64.0 

12 7 

.68 0 

12.0 

60 4 

11 4 

61 0 

9.9 

fiO 4 

16 0 

70 7 

16.0 

73. 1 

14.6 

76 0 

13 3 

52.6 

13.6 

61.3 

12.7 

63.9 

11.4 

66. 4 

10 6 

72.7 

19.7 

82.6 

18 6 

84.4 

16 6 

86 6 

16 0 

7.3 0 

18.6 

81 8 

17.0 

8:1.0 

14.9 

86 9 

14.4 


14 3 

74 0 

14 8 

76 1 

13.4 



(53.6 

1.6. 2 

74 0 

14.6 

76 1 

13.3 




The fact that all the rats on the rye diets containing 1.0 percent of 
ergot grew fairly well was surprising in view of the negligible growth 
and liigh mortality of the rats on the rye plus liver diets containing 
1.0 percent of the ergot used in the first ergot experiments. There 
were no outward manifestations in any of tlie animals which could be 
considered as due to the ergot. There must indeed be great- differ¬ 
ences between different samples of ei^rot in the amount of the principles 

E resent which account for its distastefulness. Apparently this has 
een recognized by livestock feeders, for McNeil and I^ammel (.'i), 
referring to ergotized hay, state: ‘‘Such hay is not always dangerous 
even when infested with ergot * * * There is but little 

indication that the ergot was more detrimental when fed with rye 
than when fed with corn. That there was nothing in the rye used in 
this experiment which retarded food consumption or growth is shown 
by the results of feeding the basal diets of corn and rye both ad libit\im 
and at the same level of food intake. 

EXPERIMENTS WITH SWINE 

The only rye diets fed to rats which gave poor growth were those 
containing ergot. Those experiments indicated that ergot might be 
responsible for the unsatisfactory results when rye is fed to swine. 
Accordingly, two experiments were carried out to obtain light upon 
this phase of the question. 

EFFECT OF 1 PERCENT OF ERGOT UPON GROWTH 

In the first experiment the effect of ergot upon growth was inves¬ 
tigated. Six pairs of pigs were used. One pig of each pair received 
a rye ration while its pair mate received the same amount of the same 
ration to which had been added 1 percent of ergot. The rye used 
contained only a trace of ergot. The pigs were fed twice daily in 
individual crates. 

The basal ration consisted of rye 91.16 percent, liver meal 7.36 
percent, mineral mixture 1,48 percent, plus 10 cc of cod-liver oil 
daily per pig. 

The ergot was hand-picked from some elevator screening. It 
appeared to be a mixture of ergot from the various grains. Before 
feeing it in this experiment it was fed to several rats as a part of a 
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rye diet and found to reduce greatly their food intake, as in the first 
of the rat experiments. The mineral mixture employed was that fed 
to the station swine herd, and consisted of limestone 50.00 percent, 
bone meal 27.97 percent, 20.00 percent salt, iron oxide 2.00 percent, 
copper sulphate 0.01 percent, and potassium iodide 0.02 percent. 

The ration containing the ergot was very distasteful to the pigs for 
several weeks after the experiment began. One pig ate such small 
quantities that it barely maintained its weight for 4 weeks, and another 
ate so little that it just maintained its weight for 6 weeks. Most 
of the pigs seemed gradually to accustom themselves to the ergot, 
although there was considerable variation in this respect, as is evi¬ 
denced by the growth and feed-consumption data in table 3. 

Table 3.— The effect of I percent of ergot in a rye ration upon the growth of pairs of 
swine over a period of 12 weeks 

IWeiKlits in pounds] 

Ptiir and ration 

Pair i, males ” 

Control- - 
Erjfol-. _ - 
Pair 2, males 
Control-- -- 
Ergot - - 
Pair H, males 
Control 
Ergot 

J*air 4, females 
('ontrol 
Ergot - 
Pair 5, females 
('ontrol 

Ergot . . . 

Pair fi. females 

Control . 

Ergot . 

A statistical study was made of the data in table 3 according to the 
method of student (1). The results were as follows: 

Mean difference in total gain in weight between pair 

mates.. . . pounds _ 17.55 

Standard deviation- - - - 5. 807 

Z value_ - - 3. 0 

Probability_ . . . _ 0. 9994 

That the mean difference of 17.55 pounds per pig between pair mates 
was due to the ergot in the ration of the experimental pig is shown by 
the statistical study. The probability of 0.9994 gives odds of over 
1,000 to 1 that this was the case. While this experiment shows 
conclusively that ergot retards growth over and above any effect 
upon feed consumption, it does not, of course, tell to what extent feed 
consumption was retarded by this percentage of ergot. Throughout 
the experiment both pigs of each pair showed signs of hunger, and 
that they were hungry is indicated by the fact that the daily feed 
consumption was only 2.1 pounds per pig. Pigs weighing as much 
as those used in this experiment should eat at least twice that amount, 

EFFECT OF ONE-HALF OF 1 PERCENT OF ERGOT UPON FEED CONSUMPTION 

In order to determine whether aging causes ergot to lose its property 
of imparting distastefulness to a ration and also to determine the effect 
of a lower level of ergot upon feed consumption, another experiment 
was performed 1 year later in which the ergot was from the same supply 
that had been used in the first experiment. 


Initial 

Final 

weight 

weight 

70 3 

143.3 

«S « 

132. ft 

50 3 

113 ft 

53 f> 

89 3 

47 6 

92. 3 

40 0 

08.0 

51 0 

112.3 

51 0 

93.3 

4ft ft 

103 ft 

4H 3 

1 95.0 

ft4 3 

145 ft 

_WO 

_124 0 


Total 

gain 

Total feed 

73.0 

223 

04 0 

223 

57 3 

161 7 

35 7 

161.7 

44 7 

106 5 

22.0 

100. 5 

00 7 

102 5 

42 3 

102 5 

57 0 

175 5 

40.7 

175. 5 

81.3 

241. 7 

.58 0 

241 7 
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Three pairs of pigs of an average weight of 50.6 pounds were 
selected for this experiment. Although they were paired as to sex, 
litter, and weight, both pigs of each pair were allow ed to eat all the feed 
for which they cared twice each day. One pig received the basal 
ration consisting of rye 91.16 percent, liver meal 7.36 percent, and 
the mineral supplement 1.48 percent. Its pair mate received the 
basal ration plus 0.5 percent of ergot. Both pigs also received 10 cc 
of cod-liver oil daily. At the end of 3 weeks the rations were reversed 
for the same length of time. The rye used was entirely free of ergot. 


Table 4. —The effect of 0.5 percent of ergot in a rye ration upon the food coneutnp- 
tion ipounda) per pig per weeky of pairs of swine, over a period of 6 weeks 


Pair and ration 


Pair 1, female 

Basal_ _ - 

Ergot-- _ - 

Pair 2, male: 

Ba.sal._- -- 

Ergot.- - 

Pair 3, female 

Basal_ . _ - _ _ 

Ergot. . 


Food consumption 


First 

Second 

Third 

Four! h 

Fifth 

Sixth 

week 

week 

ueek 

__ _ 1 

week ' 

week 

week 

l,** 7 

IS 3 

21..') 

19 1 

21 s j 

28 0 

7 1 

14 2 

l.'i 4 

8 9 I 

16 1 

10 5 

to 0 

14 3 

16 7 

16 9 

27 1 

2fl 7 

« 0 

11.« 

16 2 

S 4 

16 2 

10 7 

U 8 

10 9 

IS 1 

9 4 

19 1 

IK 6 

7 3 

10 0 

10 S 

7 () 

9 7 

S 0 


> Hations were rever<»od at end of thinl week. 


As shown by the feed-consumption data in table 4, the 0.5 percent 
of ergot had a marked effect upon the palatability of the ration. 
For the 6 weeks only 62.1 percent as much of the ergot ration was 
eaten as of the basal ration. Again, as in the first experiment a 
year earlier, there was a noticeable difierence in the a[)parent distaste¬ 
fulness of the ergot to the various pigs. Also, as in the first experi¬ 
ment, there was a gradual tendency for the pigs to overcom(‘ their 
dislike for the ration containing the ergot. The average daily amount 
of the basal ration eaten for the 6-w^eek j)eriod was 2.64 pounds. 
This daily feed consumption, which is rather low, is, however, some- 
wdiat higher than that eaten by a similar group of pigs when the 
trinity mixture was used as the protein supplement instead of liver 
meal and the feeds were self-fed instead of fed twice daily as was 
done in tliis experiment. Liver meal was fed with the rye in both 
ergot experiments in order to insure as satisfactory an intake of rye 
as possible and to determine whether or not a palatable protein sup¬ 
plement would overcome the distastefulness of the ergot. The results 
of feeding the liver meal in the swine experiments were in entire 
agreement with those obtained in the rat exi)eriments. 

SUMMARY AND CONCLUSIONS 

The effects of ergot upon the growth and food consumption of rats 
and swine were investigated. To determine the effect of ergot upon 
the growth of rats it was fed in two paired-feeding experiments as 
1.0 percent of a purified diet and at the same percentage of a diet 
containing 91.74 percent of rye. In the swine experiment one paired- 
feeding test was carried out in which the controls received a rye basal 
diet and the experimental pigs received the same diet in which 1 per¬ 
cent of the rye had been replaced by ergot. For the rats the rye diet 
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containing the ergot was so iin])alatable that some of the rats in these 
paired-feeding tests, controls as well as experimentals, had died of 
starvation by the end of 6 weeks. Although the purified diet con¬ 
taining the ergot was less unpalatable than the ergotized rye diet the 
food intake in both experiments was at such a low level that tliere 
was little difference in growth between the rats of a pair. In the swine 
experiment the ergot retarded growth to a statistically significant 
degree. 

The effect of ergot upon the food consumption of rats was studied 
by feeding it as 1 percent of a diet containing rye and as 1, 0.5, and 
0.1 percent of diets containing rye and liver meal. Ergot from an¬ 
other supply was fed as 1 percent and 0.5 percent of a diet contain¬ 
ing rye and of a diet containing corn as the cereal. One year after 
the first swine experiment ergot from the same supply was fed to 
swine as 0.5 percent of a lye ration. In these experiments with rats 
the first ergot that was fed retarded food consumption at all tliree 
levels, the effect diminishing as the level of ergot was decreased. The 
liver meal which greatly increased the consumption of the rye basal 
diet did not overcome the ap])arent distastefulness of the diets con¬ 
taining tlie ergot. In the second ergot e.xporiment with rats the 
growt.Ii and food consumption, although somewhat subnormal, were 
surprisingly high. Ergot appears to vary considerably in the content 
of the ])rinci])les whi(*h cause its distastefiilness. There was but little 
difterence in the food consumption and growth of the i^ats receiving 
the rye and ergot diets as compared witli those receiving the corn 
and ergot diets. In the swine ex])erimcnt the ergot had not lost its 
distastefulness after 1 year in storage, for at a 0.5-percent level, feed 
consum])tioii was retarded. 

There were no gross symptoms of ergotism in any of the experi¬ 
mental animals. There would seem to be little danger of this disease 
occurring in swine (hat are fed grain containing ergot be(*ause of 
their ])ronounced distaste for feeds infex'ted with this fungus. 
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FIELD REACTION OF VARIETIES AND SELFED LINES OF 
CORN TO DIFFERENT COLLECTIONS OF USTILAGO 
ZEAE' 

By J. Christensen, associate plant pathologist, and I. J. Johnson, assistant 
agronomist and geneticist, Minnesota Agricultural Experiment Station^ 

INTRODUCTION 

Extensive corn-breeding investigations at different places in the 
United States have shown that selfed lines of com resistant to Ustilago 
zeae (Beekin.) Ung. are rather readily isolated by inbreeding and 
selection (5, 6, IS).^ The importance of developing smut-resistant 
varieties of corn is obvious, since the smut cannot be controlled 
satisfactorily by seed treatment or by cultural practice. 

Recent investigations have emphasized the important role that 
physiologic sjiecialization plays in the development of smut-resistant 
varieties of cereal crops. However, the significance of physiologic 
sjiecialization in breeding smut-resistant varieties of com is not 
known, (^hristensen and Stakman (2) and Eddins (3) have demon¬ 
strated that varieties and selfed lines of corn react differently to 
different collections of smut when inoculated by artificial methods. 
Recent studies have shown that l \stilago zeae comprises an indefinite 
number of lines or bio types, some of which frequently give rise to 
variants in culture (/, 15). f\irthennore, it has been demonstrated 
that rstilago zeae is predominantly heterothallic, usually requiring the 
pairing of two unisexual lines of opposite sex for normal infection and 
production of chlamydospores (/, There is, however, only 

meager information on the behavior of varieties and selfed lines of 
corn under field conditions when inoculated with a mixture of 
chlamydospores of Ustilago zeae from different localities. A pre¬ 
liminary study in Minnesota by Immer and Christensen, however, 
indicated that selfed lines of corn did not react differently to smut 
collections from University Kami and those collected in different 
localities throughout the Mississippi Basin (JO). 

This paper reports two additional years^ data on the collections of 
smut previously used and data on collections obtained from a wider 
area. 

MATERIAL AND METHODS 

A representative group of approximately 100 selfed lines of com of 
all gradations lor resistance and susceptible to smut were selected 
from field, sweet, and pop-corn types. Five standard varieties of 
com also were included in the tests. The same selfed linos of com 

> Received for publication July 30, 1934. issued April, 1936. Paper no 1296 of the Journal Series of 
the Minnesota Agricultural Experiment Station, Tnese studies on the reaction of corn smut are a part of 
the cooperative program of breeding for disease resistancecarriedonjolntly by the division of plant pathol* 
ogy and botany and the division of agronomy and plant genetics at University Farm, St. Paul, Minn. 

> The writers are greatly indebted to M. B. Moore, assistant in plant pathology, for assistance during the 
absence of the senior author In 1930. They are also indebted to C. J. Anderson, R. O. Bulger, W. Butler, 
R. O. Bridgford, R. A. Brink, A. M. Brunson, E. H. Coles, O. C. Curran, R. S. Dunham, U. H. Flor, 
I. L Forbes, M. T. Jenkins, T. A Kiesiselbach, Q C. Mayoue, L H. Person, H. A. Rodenhiser, L. J. 
Stadler, A. F. Thiel, H. L. Thomas, H. H. Thornberry, J. M. Wallace, and others for their kindness in 
supplying collections of smut. 
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were used throughout the tests, thus giving o])portunity for studying 
seasonal fluctuations in severity of infection and the degree of con¬ 
stancy of reaction of these linos from year to year. Thirty plants of 
all lines were grown in each of two replications on each of two fields 
designated E and X, and separated by more than a mile. On field 
E an artificial smut of epiphytotic was induced by using chlamydo- 
spore.s collected from University Farm only; and on field X, from 
1928-31, inclusive, a similar epiphytotic was induced by using a mix¬ 
ture of smut collected from numerous localities in the northern 
Mississippi Valley. Tn 1932 the study on field X w^as discontinued, 
and similar inoculations w’cre made on field T, but additional collec¬ 
tions of smut were obtained from 26 localities in 12 States cast of the 
Rocky Mountains. In the fall smut galls w^ere gathered from infected 
plants in each field and used for inoculum during the following year 
on the same fields. The epiph^^totic w as induced each year by mixing 
a portion of the chlamydospores with fresh barnyard manure before 
the manure was applied in the row^s when the corn plants were from 
12 to 18 inches tall. At frequent intervals during the growing season 
chlamydospores also were sprayed or dusted on the plants. When 
the corn was almost jnature notes were taken on the number of 
infected plants and on the size, location, and number of the smut 
galls per plant. 

EXPERIMENTAL RESULTS 

The behavior of selfcd lines and varieties of corn to local and non¬ 
local collections of Lu^tilago zeac was determined by analysi4 of the 
total percentage of smut infection, location of galls, and number and 
size of galls per plant. 


REACTIONS OF COHN TO SMUT 

The reaction of 20 representatives of 95 selfed lines of c^ojti giow ri 
for 6 years and inoculated wdth chlamydospores of (’sfllago zcae of 
local and nonlocal origin is given in table 1. Tlu^ results indicate 
that most of the selfed lines used in this study w ere relatively homo¬ 
zygous for smut reaction. In general, the lines w hich were resistant 
1 year tended to be resistant the following year, while lines suscejitible 
1 year proved to be susceptible the following year. The interannual 
correlation coefficients on the reaction of all the lines of corn grown 
in field E between 1930 and 1931 was 0.683; between 1931 and 1932, 
0.684; and between 1932 and 1933, 0.700. These coefficients all 
exceed the 1-percont point (odds greater than 99:1) in significance 
and add further evidence of the relative homozygosity of the lines 
of com to specific smut reaction. 

The data presented in table 1 indicate also that selfed lines in a 
given year had a tendency to react alike on fields E and X or T. 
In all years except 1931 the average smut percentage was slightly 
higher on field E than on the other two fields. The differences, how^- 
ever, are not statistical!}^ significant. The reaction of all lines to the 
two collections of smut was determined by comparing the correlation 
coefficient betw^een two replicates on the same field with the correla¬ 
tion coefficient between single replicates of the two fields. These 
results are summarized in table 2. Table 2 also includes the 2-ycar 
summary of the study made in 1928 and 1929, which w as previously 
reported" by Immer and Christensen (10). 
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Table 1 . —Smut reaction of 20 selfed lines of corn inoculated vyith chlamydo^spores 
of local and nonlocal origin^ 1928-33^ grown on three different fields 




Percentaire of smut 



1928 

1 1929 

1930 

1 1931 

1 1932 

1 1933 

1 Average 
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S-12 ... 

H 

4 

0 

7 

0 

11 

0 

19 

20 

17 

5 

25 

17 

14 

7 

S-lf)_ 

9 

23 

5 

.Vi 

22 

m 

39 

32 

.33 

07 

33 

70 

57 

51 

32 

S-17. -- - 

9 

3r. 

19 

2 

4 

15 

4 

8 

15 

10 

0 



14 

8 

S'24 

ti 

2 

0 

5 

2 

9 

0 

14 

11 

15 

11 

21 

14 

11 

6 

S 2H_ _ 

9 

15 

14 1 

38 1 

42 

51 

41 

35 

23 

03 

44 

40 

41 

40 

34 

S 32 - 

! 11 

23 

0 

21 

2 

5 

9 

44 

24 

13 

18 



21 

11 

S-41 _ _ 

9 



.30 

47 

:t8 

31 

38 

40 

21 

12 

53 

7 

36 

27 

S-t2- 

K 

1 

0 

4 

0 

3 

0 

4 

2 

4 

3 

5 

0 

4 

1 

8-13* 

8 

10 

8 

20 

r. 

25 

18 

24 

48 

55 

40 

42 

43 

29 

28 

S-.M, 

7 



2 

2 

0 

0 

1 

2 

0 

8 

7 

4 

2 

3 

s-.w* 

8 



79 

84 

81 

38 

74 

90 

81 

80 

70 

84 

78 

70 

S-73 

7 

3 

7 

4 

1 

2 

4 

2 

2 

0 

3 

2 

3 

2 

3 

S-75. 

7 

i 10 

0 

18 

2 

4 

4 

13 

20 

0 

8 

13 

17 

11 

9 

S-7(l 

7 

i 13 

0 

l.'i 

2 

> 10 

10 

15 

9 

19 

29 



14 

12 

S-7S . 

8 i 

1 12 

0 

18 

0 

« 

3 

31 

13 

7 

14 

12 

38 

15 

11 

S-«() . 


9 

0 

23 

14 

48 

38 

37 

42 

39 

1 04 

35 

.50 

32 

30 

S «5 

7 



99 

77 

.50 

80 

20 

8 

17 

' 21 

11 

5 

39 

39 

S- 8H. 1 

K 

0 

0 

47 

32 

31 

22 

92 

0.3 

70 

52 

44 

48 

47 

30 

S 93 

.S 

9 

0 

17 

8 

19 

5 

39 

55 

.30 

4 



23 

14 

S 1(K) I 


22 

7 

24 

21 

2 

0 

17 

32 

25 

3;i 

31 

39 

20 

22 

1 

vcraire j 


12 

4 

20 1 

1 

7s^ 

2:i 

18 

28 

28 

28 

25 

S 1 

1 

29 

25 

21 


> FieM E wai' inoculated with chlain>dosi.M)res of Usf (ago collected at I’niversity Farm, Minn ; 
field X VI as inoculated with chlamy<lospore8 obtained from the Mississippi alley repion In 1932 field 
X was discontinued and siinilnriiUK*nlat ions Mere made on field T, but additional chlamydospore collections 
were obtained from Midcr source^ 


Tabi.e 2. —Correlation coefficient n between percentage of smut infection of selfed 
lines of corn and varieties grown in two replicates i?i fields Hand X or 7\ 1928-33 


Nutun* fif cdrrrlul ion 



Correlation 

co3flicients 



1928 

1929 

1930 

1931 

1932 

1933 


First and stcoinl replicate of 
field F. ... 

First and .second replicUe of 

0 ,59y=lr0 02 : 

0 048±0 023 

0 776i:0 027 

J.715±0 (wr 

0 76'‘dr0 02. 

0 72fidb. 033 

field X _ 

5H5=L .023 

055± 023 

810dz 02.* 

064± 041 

694± 016 

. 838±. 021 

A verage *. 

597:*: .02.^1 

Ofitdr 02.’ 

794dr 02r 

. OJOdr 031 

.7,13d= .013 

788± .027 

First replicate of field K with 







first replicate of field X * 
Second replicate of field K with 

3.59± 031 

.02<d* 024 

6:9± 04. 

720dt- 036 

673db 03' 

.7K5± 027 

second replicate of field X 

. 030 

070db .02* 

779± .027 

.607± 041, 

. 024 ± 04' 

.781± .027 

Average-* ** ** 

.374± .031 

053± .023 

709d= .034 

rf58± .039 

652=fc 040 

.785d= .027 

.\\enige infection field E with 







luenigp infection field X orT. 

! .473± .028 

.748± 018 

.769± 029 

.813db .fW7 

8.50rt 020 

.854± .019 

N _ 

358 

281 

100 

84 

92 

93 


An analysis of the data in table 2 clearly shows that, with the 
exception of the 1928 season, the correlations between two replicates 
within a field are essentially the same as the correlations of single 
replicates between the fields E and X. The average coefficients given 

122814 —- 4 
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in table 2 and other tables were obtained by the method given by 
Fisher The average correlation coefficients between two 

replicates within a field were not significantly different from the aver¬ 
age correlation coefficient of single replicates between the fields from 
1929 to 1931, inclusive. These results indicate that, on an average, 
the lines usexi reacted similarly to the local and nonlocal smut collec¬ 
tions. In 1928 there was a lower correlation between individual series 
of two fields as compared with the correlation between series of the 
same field. Irnmer and Christensen (/O), however, report that the 
seed planted in 1928 on field X germinated 2 weeks later than that 
on field E, because of unfavorable conditions on the former field, and 
suggested this as the possible cause of differential response. The 
present data tend to support this conclusion. 

Table 3 . —Comparison of 5 - or 6-year average smut infection on 20 resistant lines 
of corn inoculated with local and nonlocal smut collections and grown on three 
different fields 





Percentage of Infection 

Increase(4 ) 
or decrea.se 

Culture no. 

Years 

selfed 

Years 

average<i 

Field R 

Fields X 
and r 

(—) in per¬ 
centage of 
infection in 
fields X 
an<J T over 
that in 
field E 

S-73. 

Number 

7 

Number 

6 

Percent 

2.1 

Percent 

3 2 

Percent 
+ 1.1 

8-54.. . -- 

7 

6 

2 8 

2 6 

-0 2 

8-42. 

8 

6 

3.4 

1 1 

-2 3 

8-4). 

8 

6 

3 6 

4.6 

+ 1 0 

8-31. 

10 

6 

3 6 

1.0 

-2 6 

8-16__ _ _ _ 

8 

6 

4 9 

6 8 

-0 9 

8-77. . -.. 

‘ 7 

6 

1 

6.8 

+ 1 7 

8-66. 

7 

6 

7 2 

9.9 

+2 7 

8-36.. . --- _ 

9 

6 

8 2 

8 2 

0 0 

8-76. . .. 

7 

6 

8 8 

12 6 

+3 7 

K-8.6. . . - _ _ 

7 

0 

9. I 

10 9 

+ 1 8 

8-34.. . ... 

6 

0 

10 9 

6 1 

-4 8 

8-84. _ ... .. 

7 

6 

11 2 

11 3 

+0 1 

8-64. _ .... . 

8 

6 

11.6 

7 7 

-3 9 

8-72. . 

i 7 

6 

13. 1 

10.6 

-2 h 

8-9H . . . . .. 

8 

6 

13 6 

13 2 

-0 3 

8-78_ . .. _ _ _ 

8 

6 

14 4 

11 4 

-3 0 

8-90 . ... _ 

7 

6 

17 9 

14 7 

-3 2 

8-26-..- .. —- _ 

10 

6 

18 3 

22.7 

+4 4 

8-82. ... . 

8 

6 

19 6 

8 5 

-11. 0 


Since the conclusions drawn from a study of the correlation co¬ 
efficients in table 2 are based on the average reaction of a large number 
of lines rather than on individual lines, a further study of the data was 
made to determine whether there were significant differences between 
the reaction of individual resistant lines grown on the two fields on 
which local and nonlocal smut had been applied. The data of these 
comparisons for the 5- to 6-year period are summarized in table 3. 
In general, the selfed lines of com resistant to local collections of smut 
on field E were equally resistant in fields X or T inoculated with a 
mixtureof smut from many different localities. None of the differences 
in smut reaction between the lines listed in table 3 are statistically 
significant. In order to make more direct comparisons witli the two 
different collections, resistant lines were analyzed on the basis of the 
periods in which the lines on field X and T were inoculated. During 
the 4-year period 1928 to 1931, inclusive, 26 lines, with an average 
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smut reaction from 1 to 10 percent, grown on field E were compared 
with the same lines grown on field X. None of these lines of com 
had a significant higher average smut reaction when grown on field 
X than when grown on field E. During this period the smut reaction 
of another group of 26 lines, with average smut infection from 10 to 
20 percent on field E, were similarly compared with their smut 
reaction on field X. Likewise, none of these lines reacted significantly 
differently on field X. 

In a similar manner the smut reaction of 16 selfed lines of corn that 
averaged less than 10 percent of smut when grown on field E were 
compared with their reactions on field T in 1932 and 1933. None of 
these lines developed a significantly hi|j:her percentage of smut when 
inoculated with smut of nonlocal origin than when inoculated with 
the smut from University Farm collections. The maximum deviation 
in smut infection for a particular line occurred in 1933, when line S-78 
developed 26.6 percent more smut on field T than on field E. How¬ 
ever, the difference for the 2-year average was only 17 percent, which 
was 1.5 times the probable error. For the 5-year period (1929-33) 
the average infection on line S-78 was 3 percent more on the field E 
inoculated wdth local smut than on fields X and T inoculated with 
nonlocal smut. 

Tlie 2-year average smut infection during the same pi'Hod of another 
group of 20 lines, in wdiich the infection ranged between 10 and 20 
percent on field E, was compared with their reaction on field T. 
There were no statistically significant differences in infection betw een 
the same lines on the two separate fields. However, in a few cases 
there were considerable differences in percentages of smut infection in 
the same line growm on fields E and T. For example, during 1932 and 
1933, line S-79 developed on an average 25.5± 13.5 percent more smut 
in field T than in fieldjX. f A*comparisonJof the specific location of the 
smut galls on this line in each field showed that in 1932 the increase 
in infection on field T w as due to a greater number of infections on the 
suckers, and in 1933 the increase was due to a greater number of ear 
infections on field T. In general these results agree with those ob¬ 
tained previously by Immer and Christensen (10). 

The effect of variation in environmental conditions on the preva¬ 
lence of corn smut has|been| recognized («9). Recently, W4lter^ 
has accounted for fluctuation in susceptibility' within a line or variety 
on the basis of the interaction of the growth phase of tlie host an(i 
environment. 

Tlie data on 61 selfed lines of com growm on field E, X, or T from 
1929 to 1933, inclusive, were used to determine the extent of variability 
in average smut infection tliat was dependent on seasonal fluctuation 
or on differences in reaction between fields. In 1929 and 1930 there 
was significantly less smut on the selfed lines grow n on field X than on 
held E (table 4). For these 2 years there w^as, respectively, 11.2 ±2.39 
and 7.9±2.23 percent less smut on field X than on field E, inoculated 
only with the smut froin Universitpr Farm. In the next 3 years 
(1931-33) there were no significant differences in percentages of smut 
infection in the fields inoculated with local and nonlocal smut collec¬ 
tions. There were also significant interannual differences in per- 
centages of infection between years on field X but not on field E or 


* Walter, J. 

(BECKM ) UNO. 


M. SOME FACTORS INFLUENCtNO THE DEVELOPMENT OF CORN SMUT, USTILAQO ZEAE 
87 pp., illus. (Unpublished doctor’s thesis, Univ. Minn ) 
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T. For instance, the difference between the average infection on field 
X for years 1930 and 1931 was 8.4±2.14, but for field E it was only 
3.1 ±2.48. It is, however, worthy of note that the relative sus¬ 
ceptibility among selfed lines of corn was not materially altered, 
despite differences hi severity of infection between fields (tables 1 and 
3). Nevertheless, the results indicate that for the 6-year period 
(1928-33), growth and environmental factors were more instrumental 
in influencing the reaction of a line of corn to smut than were the 
different collections of smut employed. Therefore, to eliminate 
error due to growth and environmental conditions, comparative 
pathogenicity tests should be made under as nearly identical con¬ 
ditions as possible and over a period of years. 


Table 4 . —Average percentage of smut infection on 6t selfed lines of corn grown on 

field E, X, or T, 1929-SS 



Total smut i)orc*entape 

Increase 



on fields indicated 

(+) or de- 



.. 


crease (—) 
in percent- 


Year 

Field E 

Field X or 
T 

age of infec*- 
tion in field 
E over that 

^’eur 



in fields 

X or T 




Percent 

Percent 

Percent 


1929.. 

25 9d=l 88 

14 7+1 48 

11 2+2 39 

19.32 .. 

1930. 

25 Orfcl 75 

17 1 + 1 39 

7 9+2 23 

1933. 

1931. 

28 1±1 70 

25 5+1.63 

2 6+2 40 

_1 


Total sniut iwrcentaRP 
on flelfis indicated 


Pield E 


Field X or 


Increase 
(-f) or de¬ 
crease (-) 
in iiercenl- 
ape of Infec 
tion in field 
E over that 
in fields 
X or T 


Percent 
«±1 71 
30 2±\ 72 


Percent 
2M r)7 
30 1±'2 (X) 


Percent 
1 l-f-2 34 

1+2 04 


SPECIFIC LOCATION OF SMUT GALLS 

Several investigators (5, 6*, 7, 9j 10) have found that some selfed 
lines of corn have a tendency to become infected on definite parts of 
the plant, i. e., tassel, neck (peduncle), or ear. The reason for 
such specificity in location of smut galls is not definitely known, 
although it has been suggested that physiologic forms may be partly 
responsible. Immer {8) concluded that the position of the gall most 
likely was associated with certain morphological characters. During 
1932 and 1933 observations were made on the relative frequency of 
galls on ears, suckers,® and shoots (potential ear buds) on 84 lines of 
com grown on fields E and T. These locations were selected in 
preference to others because of the relative frequency of gall occurrence 
on them. The behavior of 16 selfed lines (representative of 84 lines) 
inoculated with chlamydospores of local and nonlocal origin is given 
in table 5. The results indicate clearly that the 16 lines of corn in the 
given years reacted similarly with respect to specificity of position of 
galls on plants in the two fields. There was a greater difl'erence be¬ 
tween percentage of infection in specific locations in the same fields in 
different years than between different fields in the same year. (See 
cultures S-3 and S-7 in table 5.) 

Statistical analysis of the data in table 6 shows that the correlation 
coefficients of infection of 84 lines at specific locations between 1932 
and 1933 in the same fields (E and T) were no greater than between 
different fields. These results indicate that the different lines of 
com had a tendency to become infected at the same location, whether 
inoculated with local or nonlocal collections of chlamydospores. The 


»Sucker smut^galls located on any part of a stalk arising from the basal nodes. 
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results further indicate that the tendency for specificity of location 
of galls is characteristic of the lines of corn concerned. 

NUMBER AND SIZE OF GALLS PER PLANT 

In a similar manner, a study was made of the number and size of 
galls per plant on 84 selfed lines of corn grown on fields E and T. The 
data of this study are presented in tables 7 and 8. The correlation 
coefficients obtained for number of galls per infected plant on the same 
fields for differtmt years were approximately of the same magnitude 
as those for the two fields in the same year. Apparently the different 
smut collections did not influence the number of smut galls that 
developed per infected plant. 


Table 5. —CornpariHon of the percentages of smut on 16 selfed lines of corn with 
infection at specific locations when grown on fields E * and T in 19S2 and 1983 
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cent 

lent 
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9 

7 

5 

m 

42 

0 

2 

0 

2 

20 

30 

23 

37 

S-7 

8 

0 

2 

28 

17 

3 

4 

8 

7 

16 

7 

14 

5 

s 10 : 

: 9 

0 

0 

0 

0 

.5 

0 

0 

0 

0 

0 

6 

16 

S 11 i 

1 

0 

0 

13 

1.5 

32 

17 

22 

8 


22 

19 

4 

S 17 1 

1 9 

0 

0 

2 

0 

0 

0 

2 

2 

b 

0 

0 

0 

s 2 r) 

0 

10 

10 

12 

21 

37 

17 

14 

2.1 

22 

24 

20 

17 

S .‘10 

11 

({ 

2 

20 

3.5 

72 

3« 

2fJ 

4,5 

6 

2 

5 

30 

s ;i8 ' 

8 

11 

9 

34 

.57 

0 

0 

0 

4 

19 

26 

43 

57 

r>H 1 

8 

27 

29 

.52 

64 

.54 

.39 

24 

48 

3.5 

25 

19 

24 

S-fML 

8 

2 

0 

2 

0 

2.5 

27 

2 

15 

16 

13 

4 

4 

S 71 

8 

0 

0 

0 

' t) 

0 

0 

0 

0 

22 

16 

1 2 

! 11 

S 8S_ ! 

8 

2 

2 

0 

3 

2 

9 

2 

8 

66 

24 

40 

28 

S 89 

8 

0 

0 

2 

0 

6 

10 

14 

8 

9 

13 

2 


S 9‘2- 1 

8 

0 

0 

0 

0 

33 

30 

11 

3 

1 

0 

0 

b 

S 97 1 

7 

0 

0 

2 

0 

.5 

4 

0 

,5 

2,5 

11 

25 

19 

S ItX) 

8 

0 

0 

10 

8 

4 


0 

2 

1,5 

2.5 

23 

29 


> E was inm’ulated with chlainydosiiores of VstUaQO zeae collected at University Farm, Minn., 

while field T w’as inoculated with chlaniydosporesobtained from many different localities ea.st of the Rocky 
Mountains 


Table 6 . — Annual and interannual correlations of the location of smut galls on 84 
selfed lines of corn grown on fields E * and T in 1932 and 1933 


Nature of correlation 

(Correlation coefficients at specific location of 
infection indicated 

Shoot 

Sucker 

Ear 

Field E, 1932 and 1933-- ... 

Field T, 1932 and 1933-. . -.- - 

Average.-.- — - - - 

Fields E and T, 1932. - - . -. 

Fields E and T, 1933. . 

A verage.-... 

0.741±:0.033 
. 564± . OfiO 

0. (M.5±0.043 
.677± .041 

0. m±0. 047 
,800d= .027 

.662± .041 

661=t .041 

. 713± . 036 

ii 

-H-H 

.769=fc .030 
731d: .034 

. 760=fc . 031 
.799^.027 

.684=fc .039 

. 75ld: . 032 

. 781=t . 029 



> See footnote 1, table 5. 
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Table 7. —Average number of smut galls 'per infected plant and average size of 
galls on selfed lines of corn grown on fields E ^ and T in 1932 arul 1933 


Culture No. 

Years 

selfed 

Galls per infected plant 3 

Average size 3 of galls 3 

Field E 

Field T 

Field E 

Field T 



1932 

1933 

1932 

1933 

1932 

19.33 

1932 

19.33 


Number 

Number 

Number 

Number 

Number 





S-2.. . 


1.00 

1 00 

1.00 

1.00 

1.60 

1.00 

1 .50 

J 25 

S-7.. . - 

7 

1.21 

1 59 

1.95 

1 26 

1 41 

1.98 

1.41 

1 77 

S-10. , - 

8 

1 00 

1.19 

J.(N) 

1 05 

1 .50 

1.36 

1,00 

1.35 

S-13.- 

8 

1 1.5 

1 25 

1 00 

1 27 

1 80 

1 48 1 

1 44 

1.45 

S-14.-_ - - 

Hi 

1 00 

1 50 

1 06 

1 20 

1 58 

J 92 

1 72 

1 92 

S-16- - 

8 

1 14 

1 54 

1.2:1 

I 63 

1.83 

1 98 

1 76 

2 03 

S-I8_ _ 

8 

1 18 

1 75 

1 14 

1 60 

1 92 

1.79 

1 75 

1 25 

S'24.- 

6 

1 00 

1 11 

1,00 

1 14 

1.42 

1 10 

1.50 

1 38 

S-25--- - 

a 

1 liH 

1 61 

1 .53 

1 78 

1.84 

J .58 

1 67 

1 45 

S 27. - - 

8 

1 00 

1.60 

1 (H) 

1 44 

1 50 

1 .59 

1 .50 

1 17 

S-28 - - 

8 

1 (hi 

1 41 

1. 13 

1 33 

1 69 

1 ;18 

1 .59 

1 :i6 

S-30.- - . -- --- 

11 

1 .33 

1 18 

1 16 

2 39 

1 98 

2.08 

I 65 

l.(i8 

S-34- - ...... 

» 

1 24 

1 60 

1 2:1 

1 80 

1 67 

1 92 

1 m 

1 41 

S^2. 

8 

1 11 

1 20 

1 14 

1 11 

1.39 

1 39 

1 52 

1 10 

S-67- _ 

8 

1 17 

1 .59 

1 18 

1 79 

I 67 

1 39 

1 .50 

1 34 

S-«0_ . 

7 

1 28 

1. 57 

1 09 

1.29 

1 65 

1 27 

1.64 

1.22 

S-85- .. - - 

7 

1 00 

1 14 

1 09 

1 (K1 

1 44 

1 25 

1. 17 

1 00 

S-98. 

8 

1 20 

1 17 

1 00 

1 (X) 

1 17 

1 43 

1 80 

1 20 


1 See footnote i. table 

2 Based on averase of 2 replicates 

3 Smut galls are divided into 3 classes Ingalls less than 2 inches in any diameter, 2-galls between 2 
and 4 inches in diameter, 3*= galls 4 inches or more m diameter. 


Table 8. —Annual and interannual correlation on the number of smut galls per 
infected plant and average size of galls on 84 selfed lines of corn grown on fields 
E ^ and T in 1932 and 1933 


Nature of correlation * 

Galls per 
plant 

A verage size 
of galls 

Field E, 1932 and 19:i3 - - - . 

0. 431dr0.0.599 

0 208=fc0 0704 

Field T, 19.32 and 1933 -- . ... 

401± 0618 

002± 0736 

Average —. - - 

417i .0(K)8 

. 104i 0728 

Fields E and T, 1932-- - - 

.461d- .0.580 

.117-4- 0726 

Fields E and T, 1933. - 

..57.3± {M94 

.,597± 0474 

Average - - - - 

.519db 0.5:18 

.277±. .0(i79 


1 See footnote 1 table 6 
* Based on 2 replicates in each field 

3 Oall size 1-galls less than 2 inches in any diameter, 2-galls between 2 or 4 inches in any diameter, 
3—galls 4 inches or more in any diameter. 

It is evident from tables 7 and 8 that the size of galls per infected 
plant is of little value in making comparative studies of susceptibility 
between lines of com, and consequently also between collections of 
smut. There was a fairly high correlation between percentage of 
smut infection and number of galls per infected plant, but there was 
no correlation between percentage of smut infection and size of gall. 
Thus a correlation coefficient between the average 2-year percent¬ 
age of smut infection and number of galls per plant for field E was 
0.672±0.060 and for field T, 0.750±0.042; which mdicates that 
susceptible lines tend to have more galls per plant than resistant 
lines. The correlation coefficients between average size of smut galls 
and percentage of smut infection obtained for field E was 0.044 and 
field T, 0.013. 
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DISCUSSION 

The results of these comparative studies on the response of selfed 
lines of com to mass inoculation with clilamydospores of UstUago 
zeae from different localities in the United States under natural field 
conditions are of particular value in the application to breeding for 
smut resistance. It was clearly shown that lines of com resistant to 
local collections of smut were resistant to smut collections from widely 
different sources. The fact that there is close agreement in smut reac¬ 
tion of lines of corn to smut collections from many different localities 
should greatly facilitate the breeding of com for smut resistance. 
In fact, some progress has been made. A number of promising crosses 
produced from resistant or semiresistant lines of com have proven to 
be more resistant than the original varieties when subjected to a 
similar epiphytotic of U. zeae obtained from widely different sources. 

Christensen and Stakman {2)y Immor (^), Immer and Christensen 
(.9), Hoover (7), Walter,® Kyle (/i), and others (5, 10^ 12) have dem¬ 
onstrated that there are physiological, morphological, and perhaps 
also functional types of resistance in corn to UstUago zeae. The 
failure of selfed lines of corn to respond in a differential manner to 
different collections of smut indicates that the resistant lines used in 
these tests possess some type of resistance to the pathogen other 
than the physiologic. Obviously the lines of corn tested have been 
exposed to infection by numerous biotypes of UstUago zeae. This has 
been proven by numerous isolation tests. Since field E and neighbor¬ 
ing fields have been planted to corn for many years, it is highly prob¬ 
able that new biotypes of smut arising from hybridization, mutation, 
or introduction, have had ample opportunity to persist. It seems 
likely, therefore, that lines of corn physiologically susceptible did not 
escape infection. This evidently accounts for the similarity in behavior 
of the selfed lines in both fields. 

It has been shown by the writers and others that environmental 
factors influence the prevalence of smut on varieties and selfed lines 
of corn. It is, however, highly significant that the relative suscepti¬ 
bility of the particular lines tested remained constant from year to 
year, although the percentages of infection differed considerably. 
Therefore, selfed lines or crosses which are resistant at this station 
could probably bo utilized over a fairly wide area with some assurance 
tliat they would be resistant in regions with similar climatic conditions. 

To insure selection of smut-resistant lines of corn it would seem 
highly desirable to subject them for a period of years to as severe 
epidemics of smut as possible. Furthermore, in order to eliminate as 
far as {possible physiologically susceptible lines the inoculum should 
be obtained from the general region m which the corn is to be grown, 

SUMMARY 

A study was made of the behavior of 5 varieties and 95 selfed lines 
of corn under natural field conditions when inoculated with smut 
collections of clilamydospores from University Farm, St. Paul, Minn., 
and collections obtained from numerous localities in 12 different States 
east of the Rocky Mountains. 

The annual correlation coefficients between percentages of smut 
infection in replicates of each field with local and nonlocal smut, 

• Walter* J.M. See footnote 4. 
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respectively, were essentially of the same magnitude as those between 
single replicates of the different fields inoculated. In general, these 
results indicate that the relative reactions of all the lines of corn 
were similar on the two fields. 

Comparison of the average smut reactions of individual resistant 
lines grown on two fields failed to show a single instance of statistically 
significant difference. Lines of corn resistant to local smut collections 
were equally resistant to smut obtained from widely different sources 
east of the Rocky Mountains. 

Growth and environmental factors caused greater fluctuation in 
prevalence of smut than did the different collections of smut, but the 
relative susceptibility of selfed linos of corn was not altered. 

A study was made in 1932 and 1933 of smut infections at particular 
locations on the plant (ear, sucker, and shoot). No significant differ¬ 
ences were found between smut reactions in different years in the same 
field and reactions in the same year in different fields. This indicates 
that lines of corn had a tendency to become infected at definite loca¬ 
tions irrespective of collections of smut used. 

In a similar mannej* it was shown that the different smut collections 
did not influence the number of smut galls that developed per infected 

f )lant. There was a high correlation between number of galls per in- 
ected plant and percentage of smut infection. 

The size of smut galls cannot be used as the sole measure of resist¬ 
ance or susceptibility. 
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PROCEDURE FOR RAPID CALCULATION OF MULTIPLE 
CORRELATION COEFFICIENTS ^ 


By G. N. Strom AN 

AaHociale agronoviist, New Mexico Agricultural Experiment Station 

INTRODUCTION 

The use of oalciilatin^ machines has enabled investigators to en¬ 
large and expand their work far beyond what would otherwise have 
been pra<‘tieable. Those who use correlation coefficients have 
undoubtedly benefited greatly by the modern calculators. How¬ 
ever, even the machine calculation of multiple correlation is a long, 
laborious procedure. 

In using Wallace and Snedecor’s machine methods ^ the writer 
has devised some short emts whicli not only save a great deal of time 
and labor but give to the calculations a greater degree of accuracy. 

The present paper reports these simplified methods of obtaining 
multiple correlations by the modern electric calculator. 

CALCULATING THE MULTIPLE CORRELATION COEFFICIENT 

Wallace and Snedecor ^ have given in detail tlie method for solving 
the normal eciuations necessary for cakndating the multiple correla¬ 
tion coefficient. Ezekiel * also has given such a method. It is in 
these methods of solving the normal equations that the writer’s short 
cuts arc found. 

In each of tables 1 to 9 progressively are shown the necessary 
figures or numbers from which to calculate the multiple correlation 
coefficient. The nine tables give a full set of numbers for the cal¬ 
culation of all nine multiple correlation coefficients. 

‘ Received for publication Sept 7, bKU; isMjed April, lyJlA 

^ Wau-ace, n A , ami snepecoh, U W. cohrelation \np MAriiiNK cauulation. Ke\ by O, W, 
Snedecor 71 pp., illiis \nie.s UKll (Uma Stale Col. OIT Cub. ,10, no. t). 

‘ W.vi.LACE, Jl. A., and Snepecor, Cl W. See footnote 2 

‘ Kzekiel, M mkthuph of correlation ANAIY8I8. 427 pp . illus. New York and J.ondon 1930. 
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Table 1. — The necessary numbers and products of the calculation^ to the comple¬ 
tion of the multiple correlation coefficient where nine characters are involved 



A 

B 

r 

1) 

E 

F 

(} 

II 

I 

s 

Accu¬ 

racy 


/ 1 0000 

0 024.3 

0 0590 

-0. 0306 

0 2236 

0. 4590 

0 2941 

0 1265 

0 1.6.64 

2.3113 



\ 

- 0243 

-.0690 

. 0306 

-.22:46 

- 4590 

2941 

-. 1265 

-. 1.6.64 





( 1 tKXK) 

. 62fl4 

. 5754 

0528 

- 0282 

-. 1025 

. :425l 

-.001«0 

2 4663 


« . 


1 OlHB 

. 6250 

5761 

. (M74 

- 0394 

1096 

. 3220 

- 0118 

2. 4091 




1-1.0000 

- 6253 

-.5765 

0474 

. 0394 

. 1097 

- 3222 

.0118 

-2.4106 

+ I 




( 1.0000 

. 6204 

1994 

- 3173 

-. 2848 

4446 

1399 

2 4966 


_ 



{ . 6057 

.2710 

1.666 

- 3197 

- 2336 

. 23.68 

. 1381 

8.638 





1-1.0000 

- 4474 

- 2.685 

. ,6279 

3857 

- 3893 

2280 

- 1 4096 

(0 





( 1 0000 

1903 

- 1735 

- 1.674 

, 1053 

-. 1781 

1 6702 


D... 




] . 5457 

- 2808 

(XXi3 

0193 

- 0920 

2283 

- 0299 






1 1 (XXX) 

5147 

- 0115 

- 0:454 

. 1685 

.4184 

.0548 

-l-l 






( 1 (XXX) 

- 0457 

ocm 

..'4741 

.6848 

2 3623 


E-.. 





. 7627 

- 06(X1 

0734 

.2222 

4974 

1. 49.62 







( 1 0(XX) 

079-) 

- . 09fi2 

- 2914 

- 6522 

-1 9604 

(') 







1 1 0000 

7:421 

- 1767 

-. 0906 

1 3.694 


F .. 






6141 

. 4751 

- 0789 

-. 0474 

9632 








[ 1 OOtX) 

- 7741 

. 1285 

.0771 

-1 5685 

(') 








1 1 0000 

- 1475 

14.66 

1 51:45 


(L 







] 4:4.66 

- 01.65 

. M88 

.66.89 









1 1 (X)00 

0:4.65 

- :4'ii() 

-I UHil 

(') 









i 1 (XJ(M) 

4270 

2 .6684 


H- . 








697.6 

17:42 

87fx; 










1 1 0(XX) 

- 248:4 

~ 1 2482 

~ 1 

1 J A A 

j 1\ 

IH 

1(' 

ID 

^lE 

IK 

ID 

in 





1 4 0450 

~ 0337 

4.0172 

- 1172 

4 5210 

-.3164 

4 3.604 

4. *2183 

1 




1 ChBcked to fourth place exactly 


R« V0^":R7i01«=0 7671 


Table 2. —The necessary numbers and products^ in addition to those found in 
table If to complete the calculation of the multiple correlation coefficient where 

nine characters are involved 



1 

A 1 

1 

B 

r 

J) 

K 

F 

(1 

1 

11 

s 

.\ ('cu¬ 
racy 

I_ 


! 






I 1 (XXX) 
4698 
l-I IMXJO 

0 4270 

17:42 

|- 3687 

2 2760 
6128 
-1 :46h:4 

(-4) 

Beta.. 

) HA 

1 + 0737 

HB 
-K. 1497 

IK' 
+ 22tMi 

HD 
-1- 0264 

HE 
+ 0684 

HF 

-‘-.0249j 

IKl 
- 1611 

1 

HI 

+ 3687 


... 



H= 6062 


Table 3. — The necessary numbers and productsf in addition to those found in 
tables 1 and to complete the calculation of the “Cr" multiple correlation coefficient 
where nine characters are involved 



A 

B 

C 

1) 

E 

F 

1 

H 

G 

S 

Accu¬ 

racy 

I_ 







j 1.0000 
< . 5206 

0 4270 
. 1679 
322.6 

( 1.0000 

0.1156 
. 1488 
- 28.68 
-. 1475 

0 8372 
-1 6081 









l-l. (XXX) 

-2 









J 698063 

1 .6439 

l-l 0000 

-.0155 

. 8604.66 










-.0635 

.0986 

. 5805 
-.9015 

+1 

nxifo 

/ GA 

GB 

or 

GD 

GE 

OF 

OI 

GII 





i-.0896 

- 0817 

-.0590 

-H.1324 

- 0198 

1 

■f 3176 

- 0986 


. 







'_1 






R = Vo 01310627 =0.7830 
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Table 4.— The necessary numbers and products^ in addition to those found in 
tables 1 and to complete the calculation of the “F’' multiple correlation coefficient 
where nine characters are involved 



A 

B 

C 

I) 

E 

I 

11 

Cl 


8 

Accu¬ 

racy 







( 1.0000 

0 4270 

0.1450 

-0.0900 



1. 






{ . 5243 

. 1740 

. 1121 

—.0474 

0.7029 








1-1.0000 

-. 3319 

-.2138 

.0904 

-1.4681 

-2 








1 1.0000 

-. 1475 

-. 1707 



H_ 







J .708201 

-. 070651 

-. 0789 

.726085 









1 0505 

-. ii:i8 

-.0032 

. 4735 









i-l.OOOO 

. 1749 

.0971 

-.7279 

-1 









( 1.0000 

.7324 



(j 








1 . 8a3038 

.4754 

1.314550 









' -- 

1 .7698 

. 4745 

1.2343 










l-l.OOOO 

- 0245 

-1 024.5 

i (‘) 

Beta. 

1 FA 

FB 

FC 

FI) 

FE 

FI 

FU 

FCl 





1+ 3116 

+ 203(1 

- 1900 

- 1010 

-1- 0050 

- 2279 

+ 0121 

+ 0246 





> C’hacked lo fonrfh place exactly 

II - Vo mmr,7!i^o h322 


Table 5. 77/f* ttevessary nutuhers and products, in addition to those found in tables 

1 and to complete the calculation of the “K” multiple correlation coefficient 
ichere nine characters are involved 



A 

B 

(' 

1) 

I 

I 





( 1 (KKM) 

8487 

11 




■ ■ 

1-1.0000 

1 

(1 : 

i 



\ 

! 

1 1 
1 1 

i 

1 

1 - ' ■ 
i 

Beta.. 

/ EA 
1+ 1089 

EB 
¥ 04971 

1 

1 

EC' 
!f 2220 

i 

El) 
- 2059 

1 

1 - 

1 

El 

-1- 5724 


H 

(1 

F 

E 

8 

Accu¬ 

racy 

0 4270 

0 1450 

-0 900 

0 0848 



3189 

. 1599 

- 0869 

4974 

i 7^i 


- 37.58 

- 1884 

1024 

- 5801 

-2 0480 

+1 

1 OtKX) 

- 1475 

1707 

.3741 



7729.50 

055175 

- 096.540 

2222 

1 102380 


0531 

1 - 1153 

- 0639 

0353 

5092 


-1 0000 

. 1705 

0978 1 

-.0540 

- 7797 

0) 

r 

1 0000 

7324 i 

0630 



1 

. 810099 

409550i 

0734 

*1 458394 


1 

7002 

4740 

- 0141 

1 2208 


( 

-1 (X)00 

- 0244 

. oia^i 

-1 00.59 

(') 


j 

1 (XXN) 

- 0457 





01892,5 

- OOOfi 

844497i 

1 

■ ■ 


3074 

0020 

3100 



1 

1 0000 

- (X)84 

-1 0085 

+1 

EH 

E(1 

Ft 




0.500 1 

1 

- ()2;i7 j 

1 i 

+ 0084 

..J 

i_ J 

.... . 



' (^becked lo fourth place exactl.\ 


V*530«7»*»=0 7287 
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Table 6. — The necessary numbers and products^ in addition to those found in tables 
1 and to complete the calculation of the I)'' multiple correlation coefficient 
where nine characters are involved 



A 

B 

C 

I 

II 

a 

F 

E 

D 

S 




1 

1.0000 

0.4270 

0 1456 

-0.0906 

0.6848 

-0.1781 


I. 



. A 

. 0442 

. 3574 

1510 

- 0896 

.0149 

- 2283 

i 7506 




[ 

-1 0000 

.3785 

-.1609 

.0948 

- 0512 

.2418 

-1 8,541 





f 

1 0000 

-.1475 

- 1767 

.3741 

. 1953 


H.... 





. 788452 

-.0.58432 

-.097598 

. 269.597 

-.0920 

1.107424 



. 


. 0532 

1L50 

-.0037 

. 0309 

-. 0060 

.5048 





1 

-1 (KXK) 

1775 

.0970 

-. 0.504 

.0080 

-.7728 







1 0000 

. 7324 

0030 

-. 1.574 


O.., 





I 

. 811383 

.409772 

. 0fi3420 

. 0193 

1 457330 





-i 

7064 j 

.4729 

-. 0290 

. 0.550 

1.20.53 






1 

-l.(KKX) ! 

- 0170 

. (W78 

-.0718 

-1.6609 







fl 

l.OOtK) 

-.04.57 

-. 1736 

-- 








. 018997 

- 063822 

.(X)63 

1 .8441.53 








. 3125 

.0100 

-.0498 

.2787 







V 







1 

-1 0000 

- 0511 

1594 

-.8918 









1.0000 

- 190;i 

_ 








J 

. 907275 

- 2808 

1 510.595 

P,. 

... . 

-- 


... 


... . 

.1 

5029 

-. 1272 

. 3757 








1 

-1 0000 

2.529 

-.7471 


} DA 

DB 

DC 

D1 

1)11 

l)«i 

DF 

DK 



Beta-. 

1+ 0281 

-}- 2700 

+ 6150 

~.122f> 

-f 0185 

-1- 1.526 

- 1405 

-. 2.529 


- - -- 


Accu¬ 

racy 


+1 

+1 

„ 1 

+1 

(') 


1 Checked to fourth place exactly. _ 

R== 7441 


Table 7. —The necessary numbers and products, in addition to those found in tables 
1 and 2, to complete the calculation of the “f’'’ multiple correlation coefficient 
where nine characters are involved 



A 1 


1 

11 

O 

1 

F 

E 

1) 

C 

S 



1 

1 (XHX) 

0 4270 

0.14,50 

-0. 0900 

0. 0848 

-0 1781 

0 1399 


1 .... 


1 

. 9757 

4111 

0980 

- 1024 

0.500 

- 160.5 

1381 

i 94,5:i 



1 

-1 (KKX) 

- 4213 

~ 1011 

1004 

-.0008 

. 17(K1 

1415 

- 1 9937 




( 

l.(XXN) 

-.1475 

-. 1707 

3741 

. 19.53 

4440 

. 




J 

88tl249 

149380 

- 222077 

3305.52 

. 01.3.5;t8 

.2:1,58 

1 4998(XI 


--- 

— — 

-] 

7071 

-.1909 

- 1,537 

0.50.5 

. 0837 

1770 

0803 




1 

-l.OfKK) 

2700 

. 2173 

- 0798 

- 1183 

- 2512 

- 9020 





( 

1.0000 

7324 

. (¥)30 

- 1.574 

- 2848 







1K)1482 

.593090 

. (X)3034 

- 08.5210 

- '£m 

1 128025 


' - 




8400 

.5080 

-.0475 

- 04.58 

- 1990 

i 1150 





1 

-1 (KKK) 

- 0702 

. 0505 

0545 

. 2370 

-1 3274 






( 

1 0000 

- 0457 

- 1736 

- 3173 


F-.- 






.787707 

- 140405 

-.130740 

- 3197 

^ .393432 






. 

1 

3433 

.0002 

—.1153 

— 12.12 

1110 






1 

-1 0000 

- 0180 

. 3358 

. 3.587 

- 3233 







f 

1 0000 

- 1903 

. 1994 

_ 

K—. 







9477.50 

- 210784 

. 1.500 

1.73i:i02 







1 

..5060 

-. 1070 

.0413 

.4409 







1 

~l (XXX) 

.2111 

- 0816 

- 870:i 








f 

1 (XXX) 

. 0294 


D_-. 








. 660942 

2710 

352080 








■ i 

. 5()48 

. 2300 

. 7940 







j 

1 

-1 0000 

- 4073 

-1 4008 


r CA 

CB 

Cl 

('ll 

C(1 

CF 

cp: 

CD 



JtjOtfiL 

\-f.l270 

-f. 3273 

-f.0142 

+ 1202 

- 0.539 

- 2249 i 

1 

4- 107.5 

-f. 4073 




Acru- 

ra(*> 


(') 

(') 

-2 


-I 


-6 


1 Checked to fourth pla(^ exactly. 


V®fi4707443=().8044 
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Table 9. — The necessary numbers and products of the calculations to the'completion 
of the multiple correlation coefficient where nine characters are involved 



1 

i n 

I 

(> 

F 

E 

1) 

c 

B 

A 

s 

Accu¬ 

racy 



1 0 4270 

0 1450 

-0. 0900 

0.0848 

-0.1781 

0 1399' 

-0.0080 

0 1664 

2. 2700 


I.... 


{ -.4270 

- 1450 

.0900 

- 0848 

. 1781 

- 1399 

.0080 

1664 





1 1.0000 

- 1475 

- 1707 

.3741 

. 1953 

4440 

. 3261 

. 1205 

2 5^j 




1 8177 

-.2097 

-.1380 

.0817 

. 2713 

3849 

.3285 

0601 

1 6906! 


H-- . 


-1.0(KK) 

2504 

. 1088 

0999 

-.3318 

-.4707 

-.4018 

- 0730 

-1 9626 

-1 



1 

I 1 rxxx)! 

. 7324 

. 0030 

-. 1574 

-.2848! 

- 1025 

2941 

1 6435) 


(}.. _ 



. 9250! 

. 7102 

-.0152 

-.0011, 

- 2(X)6 

- 0171 

2809 

1 0216 





1-1.0000 

7078 

.0104 

0001, 

. 2232 

.0185 

- 3101 

-1 7629 

(») 





1 1.0000 

- 0457 

-. 1736 

- 3173 

-.0282 

4590 

1 3694 


F 




.4232 

.0418 

- 0903 

- 0813 

. 0397 

2629 

. 6901 






(-1 0000 

- 0988 

2270 

1921 

-.(K)37 

-.0213 

-1 3944 

■4 3 






j 1.0000 

- HKKi 

. 1994 

. 0528 

. 2230 

2 3023 


E... 





6185 

- 0809 

0098 

0213 

0899 

0126 







1-1 (KK)0 

. 1077 

- 1340 

-.0410 

- 1734 

-1 1813 

(') 







1 1 (MMX] 

0294 

675)1 

- 0300 

1 0702 


D _ 






. 8;i70 

d(X»0 

. 4704 

.0712 

1 8913 








1-1 0000 

-.0041 

-.5)088 

- 0851 

-2. 2680 

(>) 








1 MXKX, 

020-1 

0690 

2 4900 

C _ 







. 422.6 

181)0 

0084 

0770 









1-1 (X)0(. 

! - 4403 

-. 1019 

-1.0024 

+ 2 









1 1 000 

. 0243 

2. 4063 


B _ 








i 6102 

-.0922 

4178 










(-1 (XX)O 

1808 

-.8188 

4 

IJettt. 

r Ti 
14- 0721 

AH 

AO 

AF 

AF 

AI) 

A( 

\r 

- ihJh 

! 



-f 0779 

- 1652 

-f 0788 

+ 15.64 

-f.0120 

+ 241.6 

-h 2416 

- ’i 

- 


» rheckod to fourth place exactly 


K-- -v'o 33030087 «0..5746 


THE CALCULATION 

Following Wallace and Snede<*or’s inetliod of solving normal equa¬ 
tions, the headings of the columns, table 1, are from A to 1 and the 
sum column. To the left are the blocks from A to H, inclusive. 
Each block has 4 lines, except the A block, which needs only 2. Of 
the 4 lines, only 3 have any use in the first table and the last (table 9) 
in the calculation of a full set of multiple coeflicients. In line 1 are 
entered the simple correlation coefficients which have previously been 
calculated. Line 2 of the first block (block A in table 1) ( arries the 
simple coefficients of that block, wdth the sign changed. Iviiie of 
the other blocks carries the sum of the columns where it occurs, and 
line 4 the quotients of the sums in line 3 divided by the first sum in 
each block. These are the only figures necessary to enter in the table, 
as they are the only ones used to calculate the rest of the table below, 
the partial regression coefficients (the betas), and the multiple cor¬ 
relation coefficients. 

In obtaining line 3 of the second block (B of talde 1) only one 
multiplication is to be made in each column; in the C" block, two multi¬ 
plications; and for each succeeding fdock one more multiplication. 
Taking block B and column B, for example, put 1.0000 on the calcu¬ 
lator on the left column of the keyboard. Shift dials to the right and 
enter the 1.0000 in the lower dial. Then mark the decimal place on 
the lower dial with a marker, and this place will always be the same 
throughout all calculations in the multiple correlation tables. At the 
beginning of each new operation the decimal points of the keyboard 
and the lower dial must be alined before the number is placed on the 
machine. On the writer's machine, a 1929 8-bank model, the decimal 
is between the fourteenth and fifteenth places on the lower dial. 
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After the 1.0 is entered on the machine in the proper place, one of 
the multipliers is entered on the keyboard. In table 1, this multiplier 
(line 1, block A, column B) is 0.0243, and is entered on the keyboard 
where the decimal is one place farther to the right than the decnnal on 
the lower dial. This arrangement allows the multiplication to go 
forward, and by using the first place, loft to right, on the upper left 
dials, there will be eight places covered on the lower dial to the right 
of the decimal point when both multipliers have four decimal places. 
Of course, the decimal place in the upper dials will be to the loft of 
the first place. However, this multiplier can be placed on the key¬ 
board with the decimal place the same as was the coeflScicnt, but before 
multiplying the carriage must be shifted to the left one place. 

Now, after 0.0243 is entered on the keyboard the multiplication 
with —0.0243 (block A, column B, line 2) can be made by using the 
subtraction switch. (The —0.0243 will be one of the multipliers for 
all multiplications in the calculation of the B })lock.) In other words, 
the multiplying can be done by subtracting from 1.0000. The result 
is 0.9994, whicli is entered in line 3, column B, block B, and is the 
number to be used to divide into all other figures of line 3 of B block 
to get line 4. Now, clear the machine of all figures in dials and key¬ 
board. Enter in the lower dials the BC coefficient of line 1, column 
Cy block B, which is 0.f)2()4. Clear the keyboard and enter on it 
0.0590 line 1, column C, block A, and multiply by subtracting 

— 0.0243, which leaves 0.()2o0. This is entered on the table in line 3, 
column C. dear the top dial and keyboard only and immediately 
divide by 0.9994 and enter the quotient, 0.0253, m line 4, coliann C 
and block B. Clear the machine and enter on the lower dial the BD 
coefficient, 0.5754; looking just above the BD coefficient in line 1, 
block A, take —0.030(5 and enter it on the keyboard and multiply it by 

— 0.0243 by using the plus switch. Adding the product to 0.5754 
gives 0.57(51, wliich goes in line 3, column 1), block B. This figure is 
on the machine reaxiy to be divided by 0.994 when the top dials and 
keyboard are cleared. The latter calculation gives 0.57(55 and is 
entered in line 4, column D, block B, with its sign changed. This 
process goes on, taking up each coefficient of block B and subtracting 
from or adding to the product of the figure in line 1 of block A, of the 
same column as the coefficient, with the figure in line 2 of column B 
of block A. The sum is taken in the same way as the coefficients. 
The check figure, of course, is always line 4, column S, of each block 
and should equal everything to its left in the same line. 

In block C there will be two multiplications added to or subtracted 
from the coefficients of line 1. Take column C, block C, for instance. 
Enter 1.0000 on the machine as before; in block A, column C, there 
is found 0.0590 and —0.0590 to be multiplied together and sub¬ 
tracted at the same time from 1.0000. Then in block B, lines 3 and 4 
of column C, there are 0.(5250 and —0.6253, which will be handled in 
a similar manner after clearing the top dials and keyboard. This 
leaves, after these two multiplications, 0.6057, which when divided 
by itself gives —1.0000. This goes in line 4 with 0.6057 just above in 
line 3. The next procedure is to clear the machine of all numbers. 
Then enter 0.6294, the coeflScient CD, in the proper place on the lower 
dial and multiply by addition —0.0306, line 1, block A, of the same 
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column as the coefficient CD, by —0.0590, line 2, column C, block A. 
Line 4 in each block just above the first column of the block being 
calculated is always one of the multipliers throughout that block. The 
other multiplier is in each block above the coefficient, but in line 3. 
Continuing with column D, block C, after the A block multiplication 
has been made and added to the 0.6294, the next multiplication will 
be found in the next lower block as denoted above; which is 0.5761 
and —0.6253; leaving when subtraction by multiplication is done, 
0.2710. Then dividing by 0.6057 without clearing the lower dial 
gives —0.4474 when the sign is changed. 

One more illustration will probably clarify all the details of the 
calculation. Passing to block H, first take column II and put 1.0000 
on the lower dial; then make the following multiplications, starting by 
subtracting each from the number on the lower dial: (0.1265X 
-0.1265) of block A; (0.3220X-0.3222) of block B; (0.2358X 
-0.3893) of block C; (-0.0920X0.1685) of block D; (0.2222X 
-0.2914) of block K; (-0.0789X0.1285) of block F; and (-0.qi55X 
0.0355) of block G. The remainder is 0.6975, which is entered in line 
3, column H, block H, with —1.0000 just below in line 4. 

Then, taking the next coefficient in block H, which is HI or ().4270, 
and entering it on the cleared machine, the following multiplications 
are made, off or on according to the sign: (0.1554X — 0. 1265) of block 
A; (-0.0118X -0.3222) of block B; (0.1381 X-0.3893) of block 
(-0.2283X0.1685) of block 1); (0.4974X-0.2914) of block E; 
(-0.0474X0.1285) of block F; and (0.1488X0.0355) of block (1. 
The remainder, 0.1732, is entered in line 3, column I, block IT. While 
still on the machine it is divided by the first number in line 3 of block 
H, which is 0.6975. This leaves —0.2483 when the sign is changed. 

There is one point that may confuse some o{)erators of calculating 
machines. It frequently happens in subtra(*ting and multiplying at 
one operation, that the product of the multiplication is larger than 
the number from which it is being subtracted. When the bell rings, 
indicating that the former is larger than the latter, ])ro(‘eed with the 
multiplication until it is completed. Wlien it is finished the (Comple¬ 
ment of the number than on the machine can easily be obtained, and 
by adding it to the number and clearing the machine the complement 
is checked. When the complement clears tlu* machine it can be 
entered immediately on the machine, and the usual division can be 
made. Should the number that is being subtra(‘ted from be exhausted 
before all multiplications are complete(l, the other multiplications can 
be made before it is necessary to know the result. 

THE GENERAL SET-UP 

If all possible multiple correlation coefficients are desired, skeleton 
tables for all variables should first be made out. The skeleton tables 
should then be filled in with the simple correlation coefficients and the 
sum of each block entered in the proper place. In the calculation of 
the first table there are certain numbers that can be used in some of 
the other tables. After completing the first two blocks there is a place 
in one of the tables for each multiplication when it is completed. 
This is the reason for the second line in each block. WTien calcula¬ 
tion is being performed in tables where line 2 is filled in it is only 
necessary to pick up the number in line 2 and complete the multipli- 
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cations in tiie table above the block in question to finish that particu¬ 
lar column and block. To illustrate the use of line 2, take block C, 
column C, of table 1; enter 1.0000 in the lower dial, multiply and 
subtract 0.0590X—0.0590, and record the remainder (0.996519) in 
line 2, column C, block C, of table 8. To illustrate this further, take 
in table 1, column H, block G, the coefficient in line 1, —0.1475, and 
enter it on the lower dial. Then the remainder (—0.184704) of the 
first multiplication (0.1265X—0.2941) by addition (the coefficient in 
negative) is placed in table 8, line 2, column G, block H. Now, clear 
the top dials and keyboard and make the B block multiplication 
(0.3220X0.1097) (by subtraction). The remainder (—0.149380) (on 
the lower dial) is placed in table 7, column G, block FT, line 2. The 
multiplication in nlock (table 1) is now made, which remainder 
( — 0.058432) is entered in table 6, column G, block H. The block D 
multiplication is then completed and the remainder (—0.055175) 
recorded in table 5, column G, block 11. Then the remainder of 
block K multiplication ^oes in table 4, column (i, block H; and the 
blo(‘k F multiplication remainder, of course, is recorded in line 3, 
column II, block (J, of table 1. 

In any of the calculations of the first table involving: column I (the 
primary of first table) or block I of table 2, the remainders are recorded 
in line 3 of the tables, bloeks, and column where they belong. In the 
tables other than tables I, 2, and 9, all sums of block I which are so 
recorded in line 3 are complete and ready for division by the division 
number of that block without further multiplication. A g:lance at the 
tables will make this evident. Line 3 in the I blocks and line 2 of 
all other blocks of the last column (not sum column) of each table, 
other than tables 1 and 9 and columns I and S, block 1 of table 2, can 
be obtained by taking them direct from table 1. For instance, 

0.2283 in taf)Ie 6, column D, block I, occurs in line 3, column I, 
of block I) in table 1. Also, passing: down column D of table 6 on 
line 2, read -0.0920, 0.0193, 0.0063, -0.2808. Then look in table 1, 
block I), and read from rig:ht to left on line 3 the same rig:ures in their 
resp(‘ctive columns. 

CALCULATION OF TABLES OTHER THAN 1 AND 9 

It must be remembered that the multiple coefficient of the last 
table of a series of multiple coefficients (table 9 here) must be calcu¬ 
lated as a whole and separately from the other tables. In other 
words, there are no calculations in the other tables that can be used 
in its calculation. As previously stated, certain calculations from 
table 1 can be used for the other tables (tables 2 to 8 herein). These 
remainders of multiplications subtracted from or added to a coefficient 
were placed in line 2 of the corresponding: block and columns where 
they belong:. The exception to this, as has been noted, occurs in all 
the '' 1 blocks, where such sums were placed in line 3 of their columns. 

To illustrate the calculation of the tables other than 1 and 9, table 4 
will be used. Line 3 of block I and line 2 of blocks IF and G have 
been filled in from calculation of table 1, with the exception of column 
F. In column F, line 3 of block I and line 2 of blocks H and G can be 
written in from block F of table 1; —0.0474 column I, —0.0789 col¬ 
umn H, and 0.4754 column G. Then, divide line 3, block I, through 
by 0.5243, obtaining line 4. Next, block H: Enter the sum of HH of 
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line 2 (0.708201) on the keyboard, align the decimal points, transfer 
to the lower dials, enter 0.1740 (line 3 IH) on the keynoard one place 
to the right of the coefficient decimal place (or shift carriage one place 
to the left), and multiply by —0.3319 by subtraction. The result is 
0.0505, whicli is entered in line 3, column H, block H; enter —1.000 
just beneath. 

The other columns and blocks are calculated similarly. The only 
difference is the entering on the machine of the number in line 2 
instead of the coefficient in line 1; and with the completion of the 
calculations of each table as outlined, the figures necessary to calcu¬ 
late the partial regression coefficients and the multiple coefficient are 
obtained. 

CALCULATION OF THE PARTIAL REGRESSION COEFFICIENTS 

In the calculation of the j)artial regression coefficients or the betas’ 
it is seen that these betas are placed in certain columns. In table 1, 
1 being used as the primary, the ''I betas are found. Beta IH is in 
column H, IG in column G, etc. In the other tables the betas appear 
in their corresponding columns. Table I may be used to illustrate the 
method of calculating the betas. One beta (IH) comes out at the 
completion of the main body of the table as the first unknown that is 
found. The only (diange is to reverse the sign. Therefore, beta IH, 
-f-0.2483, is entered in the beta line in column H. To get beta IG, 
enter on the calculator (with reverse sign) the number found in line 4, 
column I, block G; which in this case is 0.341 (>. Then multiply the 
figure 0.0355 in block G, coliunn H, line 4, with beta IH, 0.2483, by 
addition or by using the plus switch. The beta IG is then read direct 
from the calculator. To arrive at beta IF, use line 4 in block F. 
Starting with column I, enter on the machine —0.0771 and multiply 
0.1285X0.2483 by subtraction; then — 0.7741 XO. 3504 by addition 
and read beta IF direct from the machine. Beta IF is then entc'red 
in column F. The other betas are calculated in a similar manner, 
using the numbers in line 4 in each block corresponding to the beta 
desired and entering first the number in column 1 (the primary column 
on the machine with reversed sign and multiplying by subtraction or 
addition the figures in each column of line 4 with the corres])onding 
beta previously calculated. 

In calculating betas in the tables other than 1 and 9, it is necessary 
to use certain parts of table 1. For illustration, take table 0; beta DI 
is calculated from the I block of table 6, but to get DC it is necessary 
to go to block C of table 1. Then, entering —0.4474, which ap])ears 
in column D, line 4, on the calculator with the reverse sign, take the 
other line 4 numbers in block C and multiply them, by subtraction or 
addition as their sign dictates, by their corresponding betas; the num¬ 
ber in column E by beta DE; column F, by beta DF; column G, by 
beta DG; column H, by beta DH; and column 1 by beta Dl. The 
beta DC is then read directly from the machine. All the other partial 
regression coefficients can be obtained in a similar manner. 

The accuracy of the calculations of each block is indicated |n the 
last column of each table as the difference in fourth decimal pl^ce to 
check figure. 

The other operations, such as checking the betas by means of sub¬ 
stituting in one of the equations and the calculation of R, arc the same 
as given in Wallace and Snedecor (2). 



im. 1, IMS 


69 


CalcvlatioTi oj Multiple Correlation Coej^ienU 

The time required to calculate a set of nine multiple tables like 
tables 1 to 9 is about 10 hours. This does not take into account cer¬ 
tain errors that have to be corrected that may greatly delay the com¬ 
pletion of the calculation. 

SUMMARY 

(\u'tain methods of machine calculation of multiple correlation 
c.oefficients are reported. 

In the multiplication by subtracting from or adding to another 
number and carrying the totals on the machine until time to divide, 
and at that time having the number in a position where it can be 
divided without putting it in or taking it out of the machine, makes 
possible the short c.ut in methotls described here. 

These short methods of calculation reduce the time necessary to 
obtain the multiple correlation coefficients and giv(> a higher degree 
of accuracy to the work. 




SEROLOGICAL STUDIES OF SWINE ERYSIPELAS WITH 
PARTICULAR REFERENCE TO AGGLUTINATION ‘ 


By H. W. ScHOENiNG, chief t and G. T. Creech, veterinarian^ Pathological Division, 
Bureau of Animal Industry, United States Department of Agriculture 

INTRODUCTION 

Wlicii the results of previous investigations ^ on the agglutination 
test for swine erysipelas were reported, information was not available 
as to the time of tlje appearance and stability of agglutinins in the 
blood stream of swine following infection. To obtain data on this 
point, a series of observations and agglutination tests on artificially 
infected swine was made. Information on the subject also has re- 
(‘ently been received from the field. These data are reported in the 
present paper, together with other experimental data obtained from 
tlie agglutination tests of blood serum from swine and from persons 
who vvere suspected of being infected with Erysipelothris rhusiopathiae. 
A rapid serological method of identifying cultures of K. rhusiojmfhiae 
is also reported. 

TIME OF APPEARANCE AND STABILITY OF AGGLUTININS IN THE 
BLOOD OF ARTIFICIALLY INFECTED PIGS 

EXPERIMENTAL PROCEDURE 

Eight pigs were used in the experiment made to determine the time 
c»f appearance and stability of agglutinins in the blood stream of 
artificially infected swine. Two of the pigs were 3 weeks of age, and 
the remainder were* from 3 to 4 months of age. 

All the pigs were exposed to swine-erysipelas infection by injec¬ 
tion of 20 cc of broth cultures of Erympeloihrix rhusiopathiae j either 
intravenously, subcutaneously, or intraperitonealty, or by combina¬ 
tions of these methods. Before exposure, samples of serum were 
drawn and the rapid wdiole-blood and scrum agglutination tests were 
made for swine erysipelas. All these tests wwe negative. 

Beginning about 3 days after the exposure of the pigs to infection 
blood was drawn and samples of serum w^ere collected daily for several 
days, carbolized 0.5 percent, and stored in the ice box for use in the 
tu})e test. The rapid plate test was made with the whole blood and 
serum at the time of collection of the samples. Later, samples were 
collected at 2- or 3-day intervals, in most instances, and tests were 
made as stated above. Toward the end of the experiment, bleedings 
were made at lengthening intervals of from 1 to 3 weeks. All the 
serum samples collected on the various dates w^ere then tested against 
the same antigen by means of the tube test, the technic of which has 
already been described.^ 

‘ Received fur publication Aug. 22,1934; issued April, 1934. 

a ScHOENiNci, H. W., and Creech, Q T. An agglutination test for swine erysipelas. Jour. 
Amer. Vet. Med. Assoc, (n. s. 35) 82; 503-609. 1933. 

-Creech, U T., and Orky, C. G. a laboratory tube test and A whole-blood rapid agglu¬ 
tination TE.sT FOR THE DiAGNOSLs OF SWINE ERYSIPELAS. North Aiuer. Vet. 13 (12); 19-26. 1932. 

3 wScHOENiNG, U. W,, Creech, G. T , and Grey, C G. See footnote 2. 
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RESULTS 

Six of the pii?s became noticeably ill following exposure, but all 
recovered. Two of the pigs, nos. 4259 and 4290, 3 weeks of age, failed 
to show any clinical evidence of infection after exposure, and tests of 
their blood remained consistently negative. 

The results of the various tests on each of the six pigs which showed 
clinical evidence of infection are recorded in table 1. With the excep¬ 
tion of the preinfection bleedings, the table records only the results 
of those tests made after the first indications of reactions were noted. 

T\ble 1 .—Results of agglutination tests ^ for swine erysipelas of individual pigs 
inoculated by various methods unth W cr of a bouillort culture of Erysipeloihrix 
rhusiopathiae 

PIO 42.W, INorCLATEJ) FEB 2.'>. lim. INTHAVENOTSLV, SUIU’UT^NEonSLV, 
AND INTRA PEKITON E A LL Y 



Results of plate 

1 Results of tutHi test ^ of Khnid .serum I 
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test 2 of 
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■ — 










drawing 









blood 
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blood 

Blood 

serum 
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_ 
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- 
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— 
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— 

— 
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-1 

f- 

+ 
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- 

— 

“ 
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+ 

+ 

+ 

-f 
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- 

> 

- 
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_ 

_ 

P 

vs 

— 
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_ 

_ 

~ 

P 

vs 

— 

— 

~ 

_ 

May 2.5. .. 

— 

— 

+ 

V 

— 



— 

June 11_ 

1 

1 

+ 

P 


“ 

~ 

" 


Remarks 


Blond drawn prior to inoetiUilion 
Teini>erature of 104 6“ F . slight de¬ 
pression, off feed 

Temiierature of 104 7®, recovery of 
apiielite, no symptom.s 
Tenu)eratiire of 104 2®, no symptoms 
Terniieratiiie of 104®, no symptoms 
^remiiemture of 102®, serum samjile 
de(‘om posed. 

Tem|>erature normal on this and suh- 
sequent dates 


PIG 4254, 1N0CUL\TED FEB 25. 192,% INTKAVENOl’SLV 


F'eb 2.5 ... 









Mar 3. 


+ 

4- 

4- 

4- 

4- 

- 

- 

Mar. (j ... 

+ 


+ 

4- 

+ 

+ 

S 


Mur, 9_ 

+ 


-I- 

+ 

4- 


- 

- 

Mar. 13_ 

-f- 


+ 

+ 

4- 

- 

- 

- 

Mar 22 .. 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

Mar 29 .. 

+ 

+ 

P 

s 

- 

- 

- 

- 

Apr. 11... 

■+ 

+ 

_ 

s 


„ 

„ 

_ 

Apr 25.... 

+ 

+ 

4- 

4" 

— 

— 

— 

— 

Miay 9_ 


+ 

4- 

P 

— 

_ 

— 


May 26... 

+ 

+ 

P 

s 

_ 

_ 

_ 

_ 

June 10-- 

+ 

-f- 

P 

s 

~ 

_ 

_ 



Blood drawn prior to inoculation. 

Temjierature of ItW 5® F , marked de 
pre.ssion, off feed 

Temiierature of 104,5®. recovery of 
aiqietite, evidence of arthritis in all 
4 feet 

Temiieratiire of lO.'S 4®, well-marked 
arthritis. 

Temiieratiire of 104 fi®, swellinu of 
Joints still noticeable 

Teriifierature of 104.1®, joints ap- 
jieared normal. 

Normal after this date, serum sample 
decomposed. 


‘ Key: + = complete agglutination, P = partial agglutination; S — slight agglutination; VS — very slight 
agglutination; - = no agglutination, (?) — re.sult questionable. 

* Plate tests were made on same date blood was drawn. 

3 All tube tests were made on June 21 with the same lot of antigen. 
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Table 1. —Results of agglutination tests for surine erysipelas of individual pigs 
inoculated by various methods vrith 20 cc of a bouillon culture of Erysipelothriz 
rhusiopathiae —Continued 

PIG 4255, INOCULATED MAR 31, 1933, INTRAVENOUSLY AND INTRAPERITONEALLY 


Date of 
drawing 
blood 


Mar. 3L 
Apr. 3 

4pr 4 

4pr. 5. . 

Apr fi- , 
Apr 7. 
Apr. 10 . 
Apr. 17 
Aj>r. 24 
May 0--- 
May 25-. 
June 10 - 


Results of plate 

Results of tulie te.st of blood serum I 

lost of— 


at dilutions of 

— 


Whole 

blood 

Blood 

.serum 

1 • 25 

I r.W 

I • 100 

1 :200 

1..500 

1 .1,(NN) 

- 

+ 

4” 

f 

+ 

4- 

VS 

- 

- 

+ 

4- 

f 

f- 

4 

s 

— 

- 

f 

4- 

4- 

4- 

4- 

-4- 

1 


+ 

4- 

4 

4- 

4- 

4 

— 

— 

+ 

4- 

P 

4- 

4- 

f 

— 

— 

4- 

4- 

4- 

f 

4- 

P 

— 

— 

4- 

4- 

4* 

4- 

4- 

P 

~ 

— 

"f 

4- 

4- 

4- 

4- 

VS 

— 


+ 

f 

f 

P 

— 

— 

— 

— 

V 

4- 

4 

S 






Remarks 


Blood drawn prior to inoculation. 
Temperature of 105.4® F., off feed, de¬ 
pression 

'renumrature of 105.4®, depression 
Temperature of 105®, appearwi 
brighter, ate fairly well 
Temperature of 105 4®, appeared 
brighter, eating. 

TemiJerature of 104.0®. 

Temijerature of 103 0® 

Normal after this dale. 


PIG 42.V1. INOrULA'PED M\H 31. I»:«, INTRAVENOUSLY AND INTRAPERITONEALLY 


Mar. 31 
Apr 3 

.\|»r 4 

\pr 5 

Apr. 0 . 
Apr. 7. 


Apr. 10 .. 

.\()r 17 .. 
.\j)r 24 . 

Mayo - -- 
May 25.. 
June 10.. 


1 

- 


4- 

VS 

_ 

_ 




4- 

4- 

4- 

- 

- 


- 

f 

+ 

+ 

-4 

4- 

4- 

- 

- 

f 

4 

4- 

4- 

4- 

4- 

p 

_ 

4- 


1- 

4- 

4- 

4- 

4- 


4- 

4- 

f 

4_ 

4- 

4- 

4- 

+ 

f 

4- 

+ 

4- 

4- 

4- 

.s 

_ 

+ 

4- 

4- 

4- 

4- 

P 

s 

_ 

4 

-f 

4- 

4- 

-4 

S 

— 

— 

4- 

4 

4 

-4 

4 

s 

— 

— 

V 

4- 

-f 

4- 

P 


_ 



BUmhI drawn prior to inoculation 
Tem|>erature of 100 0® F , depression, 
off feed 

Tenifierature of 100 2®, depression, 
lame right front leg 
Temjieralure of 105.8°, ate fairly well, 
lame in all 4 feet 
I'emiierature of 100°, still lame 
'remiierature of 105.8°, lameness not 
so pronounced 

Temijeratiire of 101°, only slight laine- 
ne.ss 

Normal after this date. 


PIG 4257, INOCULATED APR 27, 1»:«, INTRAVENOT\SLY 


\pr 27 - 






_ 

_ 

_ 

Blood drawn i>rior to inoculation. 

May 1- 

— 

4- 

4 

P 

— 

— 

— 

— 

Temperature of 100.2° F., depression. 

May 3. . 

4- 

4- 

4 

4- 


— 

— 

— 

Teiniierature of 105°, off feed. 

May 5. 

-4 

4- i 

1 

1 

4- 

4- 

4- 

4- 

p 


Temperature of 104.8°, lame in all 4 
feet, joints hot, sw'ollen, and pain¬ 
ful. 

May 0 

4- 

4- 

4- 

4- 

+ 

4- 

s 


Temperature of 105°, lame in all 4 
feet, joints hut, swollen, and pain¬ 
ful 

Temi>erature normal, little evidence 
of lameness 

Knee and hock joints slightly en¬ 

May 15_ 

4- 

4- 

4- 

4* 

4- 

s 

- 

- 

May 25. 

+ 

-4 

4- 

4- 

4- 

s 

_ 

_ 

June 10 

4- 

■4 

4- 

4- 

4- 

s 

- 

- 

larged. 


PIG 4258, INOCULATED APR. 27, 1933, INTRAVENOUSLY 


Apr 27 
May 1, . 

_ 





_ 

_ 


Blood drawn prior to inoculation. 


— 

4 

S 


~ 



Temperature of 106® F., no visible 
symptoms. 

May 3.- 

4- 

4- 

4 

4 

4 

4 


~ 

Temperature of 106.5®, depression, 
off feed. 

May 5. 

4- 

+ 

4 

4 

4 

4 


~ 

Temperature of 103.5°, ate fairly well, 
slightly lame. 

May 6,-- 

4- 

4- 

4 

4 

4 

P 



Temperature of 103.5°, lame, swelling 
of knee and hock Joints. 

May 15_ 

4- 

4- 

4 

4 

P 

— 

— 

— 

Normal after this date. 

May 25_ 

4* 

4- 

4 

4 

P 

— 

— 

— 


June 16- 

(?) 

4- 

4 

4 

P 

““ 
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DISCUSSION 

The first symptoms of the disease in the pigs were observed from 
the second to the third day after inoculation and were usually well 
marked on the fourth day. Agglutinins were first detected in the 
blood of the infected pigs from the third to the sixth day after inocula¬ 
tion. 

Pigs 4255 and 4256 gave positive reactions to both the whole-blood 
plate test and the tube test 2 days after the first symptoms were ob¬ 
served, whereas the other 4 infected pigs did not give definite positive 
reactions to both tests until the third d«y after the first evidence of 
the disease. 

These observations indicate that agglutinins make their appearance 
early in the disease, within a few days after the animal shows some 
clinical evidence of infection. Field observations by C. F. Harring¬ 
ton,^ a veterinary inspector of the Bureau of Animal Industry, in 
outbreaks of swine erysipelas in South Dakota, confirm these findings. 
In a number of cases he applied the whole-blood plate test to animals 
sick but a short time and obtained ])ositive results in some animals 
that were sick for only 2 or 3 days. 

It is of interest to note the rapiditj’^ with which the agglutinins are 
formed in the blood after a certain stage of the disease. For example, 
pigs 4253 and 4254 gave entirely negative results to the plate and 
tube tests for swine erysipelas on the fifth day after inoculation, but 24 
hours later they gave strong reactions to the plate test and definitt* 
positive reactions to the tube test also. 

Table 1 shows the liigh points of the reactions to the tube tests in 
the different experimental pigs, the highest reiactions usually occurring 
about the .second week after infection had taken place. There was a 
gradual loss of reactions after the second week. 

The results seem to indicate that pigs sufl*ering only slight attacks 
of the disease, or those which make a prompt recovery, probably lose 
their reactions more or less after a comparatively short time. This 
finding is in keeping with field observations in which animals that had 
recovered from the disease without showing any marks of it gave 
negative reactions to the test, whereas animals in the same herd with 
arthritis gave positive reactions. Available data on serological tests 
of field cases show that pigs which have developed chronic lesions, 
particularly cases of chronic arthritis, will continue to give well- 
marked reactions for an indefinite period. 

AGGLUTINATION TESTS OF SWINE WITH THE URTICARIAL FORM 
OF SWINE ERYSIPELAS (DIAMOND SKIN DISEASE) 

In 1933 a sample of blood serum and a specimen of skin, from the 
same pig, showing typical diamond skin lesions were received from 
G. W. Stiles, Jr., in charge of the branch Pathological Laboratory of 
the United States Department of Agriculture at Denver, Colo. 
hJrysipelothrix rhusiopathiae was recovered from the specimen of skin, 
but the serum sample gave negative results to both the plate and tube 
agglutination tests for swine erysipelas. 

Stiles ® has reported five cases of typical diamond skin disease in 
swine, detected on post-mortem examination at federally inspected 

* Personal communication. 

< Stiles, O. W,, and Davis, C. L. Swine erysipelas and its economic importance Jour. Ainer. 
Vet. Med. Assoc, (n. s. 37) 84:895-9(Jfl, illus. 1934. 
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establishments, in which negative reactions to the plate agglutination 
test were obtained. In these cases, however, bacteriological examina¬ 
tion of the affected skin or other tissues or both failed to disclose 
Erysipelothrix rhusiopathiae. Tlie reason for the negative serological 
results in these cases of skin lesions has not been determined. 

PASSIVE TRANSFER OF AGGLUTININS TO SWINE INJECTED WITH 
ANTI-SWINE-ERYSIPELAS SERUM 

In an investigation of an outbreak of disease in a swine herd in 
South Dakota, (\ H, Hays, inspector in charge of the Federal field 
station at Pierre, S. Dak., obtained a strong positive reaction to the 
whole-blood plate agglutination test for swine erysipelas in the case 
of a sick hog wbi<*b died the following day. The clinical observation^, 
})ost-mortein examination, and laboratory studies revealed the disease 
in this herd to be a suipestifer infection with no evidence of erysipelas 
infection whatsoever. However, this hog was in a herd which was 
used for studying the efficacy of anti-swine-erysipelas serum in the 
field, and the animal, when taken si(‘k, had been given two injections 
of ‘if) cc each of the serum about a week previous to the test. Since 
it had been determined that there was no erysipelas ii\fectiou in this 
hog, Hays raised the question whether the positive reaction in the 
animal was due to the injection of the anti-swine-erysipelas serum. 
To obtain information on this point, pig 1, weighing 20 pounds, was 
injected subcutaneously with HO cc oi anti-swine-erysipelas serum of 
(‘(juine origin. Pig 2, about the same age, size, and weight as pig 1, 
was given an injection of HO (♦<• of normal horse serum subcutaneously. 
Table 2 gives the results of the plate and tube agglutination tests on 
samj)l(‘s of serum drawn on different days from these animals. 


Table 2. /{esuUf< of ogglutinatiun teslH * for swine erysipelas of pigs injected 
subcutaneously with anli-swine-erysipelas serum (horse) or normal horse serum 

I‘I(} 1. INJE('TEl) ()(''!' 1933. WITH :U) ('C ANTl-SWINE-KKVSIPELAS SERUM (HORSE) 



Oct . 



VS 

_ 

_ 

_ 




Oct 10 

— 

— 

p 

— 

— 

— 

— 

— 

— 

Oct 11 . . _ 



s 


.1- 






» Key; +*= complete agglutination; P-partial agglutination, S^sllght agglutination; VS = very slight 
agglutmatioh; — «no agglutination 

* Plate tests were made on same date blood was drawn. 

® All tube tests were made on Nov 7 with the same lot of antigen. 

* Sample was taken liefore injection of serum. 
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The injection of the anti-swine-erysipelas serum into pig 1 produced 
agglutinins detectable 24 hours later by both the rapid whole-blood 
plate test and the tube test. The serum reacted to the tube test in a 
dilution of 1 to 1,000, 24 hours after the injection. The titer gradu¬ 
ally decreased from this point, but agglutinations in a dilution of 1 to 
100 were still in evidence after 1 month. The whole-blood plate test 
was still positive at this time, but the rea(*tion w as not so pronounced 
and did not develop so rapidly, although it was well marked, within 2 
minutes. The injection of the normal horse serum into pig 2 failed to 
cause any agglutinin response. 

In tests of the agglutination titer of the anti-swine-erysipelas 
serum (horse) injected into pig 1, positive reactions were obtained at 
dilutions of from 1 to 25 to 1 to 5,000. The serum was negative, 
however, in a dilution of 1 to 10,000. In similar tests of the normal 
horse serum used in the injection of pig 2, a dilution of 1 to 25 resulted 
in a positive rea(‘tion, all higher dilutions being negative. 

To calculate data on the transfer of the specific agglutinins from 
the .serum of one animal to that of another, the following pro(*edure 
was carried out, with the results given. 

Pi^ 2, which was injected with normal horse serum and which, as 
previously stated, was of about the same age and weight as pig 1, w as 
bled out as completely as possible, to determine tlie approximate 
quantity of blood in pig 1 and the approximate quantity of serum that 
could be obtained from that animal. The total quantity of blood 
collected was 440 cc, from which 200 cc of serum was obtained. 

Pig 1 had been injected subcutaneously with 30 cc of anti-wswine- 
erysipelas serum with a titer of between 1 to 5,000 and 1 lo 10,000. 
Tliis specific serum could thus be considered to have been diluted 
about seven times. After the injection of ihe specific serum, the titer 
of the pig serum, which was between 1 to 1,000 and 1 to 2,000, would 
indicate that certainly a large portion of the agglutinins contained in 
the specific serum had been transferred to the blood of the normal 
pig injected. 

AGGLUTINATION TESTS WITH HUMAN SERUM 

In the course of experimental work on the virulence of Knjsipelo’- 
thrix rhusiopathiae for rabbits and other animals, a reseai’ch worker 
in one of the State institutions developed an infection on the hand 
following direct contact of the hand with a skinned carcass of a 
rabbit dead after inoculation with K, rhusiopathiae. The first symp¬ 
toms were noted July 30, 1932, in a finger 3 days after contact wdth 
the rabbit carcass. There was swelling, which later extended to 
other digits as well as to the hand itself, with a discoloration of the 
skin. The member became painful and there was a general systemic 
reaction. The condition persisted for some months and finally 
cleared up under local antiseptic treatment. 

There had been no opportunity to attempt to recover Erysipelothrix 
rhusiopathiae from the patient. The diagnosis of erysipelas infection 
rested on the clinical symptoms and history of the case. However, 
samples of blood serum were collected August 31, September 24, and 
December 16, 1932, and the agglutination test for swine erysipelas 
was made. The results of the test are given in table 3. 
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Table 3. —Results of agglutination tests ^ for swine erysipelas on samples of human 

blood serum 

[Dale of exposuro, July 27,1932) 


Date of collecting 
sample 

Results of 
plate test 
of blood 
serum 

Results of tube teat of blood serum at dilutions of- 

1:2.5 

1:.50 

1:100 

1:200 

1:500 

1* 1,000 

1:2,000 

Aug 31.- 

4- 

+ 

+ 

■f 

4- 

4- 

+ 

_ 

Sept 24 . 

+ 

f 


+ 

+ 

4- 

4- 

— 

Dec U\ . 

~ 


_ 




” 



1 -I ncomplete uKgliitIllation; -= no agglutination 


To chock tlie specificity of these reactions, 10 samples of serum 
from apparently normal individuals were tested by both the plate 
and tube agglutination at the same time and against the same antigen. 
All 10 sam[)les gave negative results to the plate test, and 7 were 
(Mitirely negative to the tube test. Three of the samples gave some 
evidence of agglutination in the tube test at dilutions of 1 to 25 and 
1 to 50. 

Although no bacteriological confirmation of the diagnosis of infec- 
tion with Ergsipelotlirij' rhiisiopathiae in this case was obtained, the 
history, clinical synifitoms, and results of the serological tests leave 
little doubt as to the correctness of the diagnosis. The agglutination 
reaction parallels rather closely the results obtained in certain types 
of infection in swine. 

AGGLUTINATION PLATE TEST WITH WHOLE BLOOD OF MAN 
HAVING CHRONIC ARTHRITIS 

Since chronic arthritis is fre(|uently a se(|uel of infection with 
Ergs}pelothrix rhusiopathiae in swine and the serums of animals so 
affected give strong positive reactions to the agglutination test for 
swine erysipelas for considerable' periods, and since man is known to 
be susceptible to infection with this organism, a rapid, whole-blood 
agglutination test was made on the blood of a veterinarian with a 
('lironic jjolyarthritis of some years^ standing. The results of this 
t(^st, however, were entirely negative, 

RAPID SEROLOGICAL METHOD OF IDENTIFYING CULTURES OF 
ERYSIPELOTHRIX RHUSIOPATHIAE 

In determining the biological characteristics of cultures of ErgsipeE 
ofhrix rhiisiopathiae obtained from suspected cases of swine erysipelas 
or received at the laboratory for identification, the cultures are always 
subjected to the agglutination test against known positive swine 
erysipelas serum. 

The usual method of preparing an antigen from cultures of the ery¬ 
sipelas organism for the serological test requires a considerable 
amount of work and time. The following is a simple method of 
procedure in testing cultures, which is timesaving and which has 
given entirely satisfactory results in the writers' identification of the 
erysipelas organism. 
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A transfer of tlie eultnro to be studied is made from a fresh broth 
culture to a serum agar slant, which is incubnted for 24 hours. The 
culture is then washed off the agar slant with K to 1 cc of sterile 
normal salt solution. The quantity of salt solution used must be 
limited in order that the suspension may be sufficiently heavy for a 
satisfactory plate test. The entire growth of the organism is removed 
from the surface of the agar by means of a platinum loop and thor¬ 
oughly suspended in the small quantity of salt solution at the bottom 
of the agar slant. 

The plate and other equipment should now he made ready for the 
rapid test. 

A 1 cc pipette is used for removing the suspension of organisms 
from the culture tube. Before the pi[)ette is inserted in the culture 
tube a small, thin pledget of cotton should be folded over the tip of 
the pipette and securely wrapped around it to prevent the entrance of 
clumps of organisms, which would interfere with the proper inter- 
j)retation of the test. After the jnpette, containing a small quantity 
of the suspension, is lifted from the culture tube, the cotton is care¬ 
fully removed from the tip with forceps, while the finger is retained on 
the upper end of the pipette to prevent the outflow of the suspension. 

Two drops of the suspension of organisms from the pipette ar(‘ 
placed on the plate for testing, and one standard loopful of hyperim¬ 
mune anti-swine-erysipelas scrum is added. If the organism is 
Krysipelothrlr rhusiopathiae^ a marked rapid clumping will take |)lacc. 
Organisms other than E. rhvslopathiae fail to cause any agglutination. 

SUMMARY 

Kight pigs were exposed to swine-erysipehis infection by injections 
of cultures of Enjsipelothrlr rhusiopathiae. Six of the pigs which 
showed clinical symptoms of swine erysipelas developed agglutinins 
in the blood detectable from the third to the sixth day after inocula¬ 
tion, thus indicating that the agglutinins make their a])pearanee 
early in the disease, or within a brief period after the first clinical 
evidence of the disease is noted. The other tw o |)igs, 3 weeks of age, 
failed to show any clinical evidence of infection, and the blood of 
these pigs remained consistently negative to all plate and tube tests 
for swine erysipelas, made on various dates subsequent to the tinu* 
of exposures. 

Blood serum from a pig wdiich showed typical diamond skin loisons, 
or the urticarial form of swine erysipelas, and from wiiich Erysipelo- 
thrix rhusiopathiae was recovered, gave negative results to both the 
plate and tube agglutination tests for swdne ety^sipelas. Negative 
serological results have been reported in five other cases of typical 
diamond skin disease. The reason for the negative serological 
results in these cases has not been determined. 

It has been experimentally demonstrated that the subcutaneous 
injection of 30 cc of anti-swine-erysipelas serum (equine) resulted in 
the passive transfer of agglutinins, which could be readilv demon¬ 
strated within 24 hours by the plate and tube tests. The titer of the 
serum of the experimental pig, wliich was entirely negative prior to 
inoculation, indicates that a very large portion of the agglutinins 
in the specific serum had been transferred to the normal pig injected. 
Another pig, of approximately the same age and weight, injected 
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subcufaneously with 30 cc of normal horse serum remained consist¬ 
ently negative to both the plate and tube tests. 

Blood serum froni a Inunan case, in which the lustory and clinical 
symtoms strongly indicated Erysipelothrix rhusiopathiae infection, 
gave positive reactions to both the plate and tube tests, the latter 
showing a titer of 1 to 1,000. After 4% months agglutinins had 
apparently disappeared from this serum. A number of human sera 
from apparently normal individuals gave negative results to the test. 

A rapid whole-blood plate teat made in the ease of a man affected 
with chronic polyarthritis gave negative results. 

A description is given of the technic of a rapid serological method 
of identifying cultures of Eryfiipelothrijr rhvvopathiae. 




HISTOLOGICAL STUDIES OF RICE LEAVES INFECTED 
WITH HELMINTHOSPORIUM ORYZAE ‘ 


Hy E. C. Tullib 

Agenl^ Division of Cereal Crops and Diseases^ Bureau of Plant Industry^ United 
States Department of Agriculture 

INTRODUCTION 

The fungus causing lielininthosporiuni leaf spot of rice (Oryza 
miim L.) was named Tlelminthosporiurn oryzae by Brede de Haan (ly 
in 1900. According to Nisikado and Miyake (^, p. 13^): ^‘The first 
authentic report oi the lielniinthosporiose of rice plant is that of S. 
Hori \H)]y who in 1892 found the disease on the glumes of rice in the 
suburbs of Tokyo/^ Of subsequent contributions to the knowledge of 
this disease and the causal fungus the Japanese have made by far 
the greatest number. 

In 1924 Oefemia (7, S) reported on the occurrence of the helmin- 
thosporium disease of rice in the southern part of the United States 
and the Philippine Islands and investigated the relation of soil tem¬ 
perature to germination of certain rice varieties and to infection by 
IIelminth()ft])oriu7n oryzae. In 1927 I to and Kuribayashi (5) found the 
ascigerous stage of the fungus in culture and described it as Oph iobolus 
miyabeanusj but they did not find it under natural conditions. In 
1928 the writer found on naturally infected rice plants in the vicinity 
of Crowley, La., an asconiycetous fungus that apparently is morpho¬ 
logically identical with the ascigerous stage of 0, wiyabeanus as 
described by Ito and Kuribayashi. However, these ascospores, 
grown on artificial culture media, have not as yet produced //. oryzae^ 
nor has II. oryzae produced the ascigerous stage in culture for the 
writer. 

Except for minor differences, the manifestations of the disease as it 
occurs in the United States seem to be the same as elsewhere in tlie 
world. The lesions produced by the fungus are usually narrowly 
elliptical spots with grayish centers and brown margins. Various 
gradations are found from narrowly elliptical lesions in some varieties 
to circular spots in others. Typical leaf spots are shown in figure 1. 

The fungus has a number of hosts. Suematsu and Okapa {9) re¬ 
ported 39 members of the grass family and Nisikado and Miyake (6*) 
25, some of which are the same as those listed by Suematsu and Okapa. 

Many ways to control the disease have been suggested, but the 
most satisfactory, it seems, is the development of resistant varieties. 
In Japan several varieties have been reported as very resistant to the 
disease, and the writer has noted a wide range in the resistance of 
commercial varieties now grown in the lower Mississipj)! Valley. In 
the United States commercial varieties have been crossed with 
resistant varieties from other countries. It is hoped that resistant 
strains of commercial value may be isolated from these crosses. 

> Received for publication Oct. t, 1934; issued April Investigations conducte<i in cooiieration with 
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The purpose of the present study was to determine the nature of 
resistance and susceptibility to hclminthosporium leaf spot in rice 
varieties. 

MATERIAL AND METHODS 

Leaves of 12 varieties of rice infected naturally in the field were 
used in this study. These were the short-grain varieties Kaineji, 
Butte, Bozu, and Aikoku; the medium-grain varieties Blue Rose, 
Early Prolific, and Shoemed: and the long-grain varieties Storm Proof, 
Honduras, Fortuna, Lady Wright, and a selection from a Patna rice, 
J-131. Of these, Kameji, Aikoku, Butte, and Shoemed show con¬ 
siderable resistance and Fortuna some resistance to the helmintho- 
sporium leaf spot. The other varieties named are susceptible. 

The material, with the exception of J-131, was killed and fixed in 
the field with strong chromo-acetic fixative.*’ The specimens were 



Figure 1 —Leaves of Blue Hose rice showing lesions ciused by Ilelminthosporivm nryznr' A, From artiflcinl 
inoculations) in greenhouse- X 0.85 B, From natural infections, Beaunionl, "J'ex X lU 


allowed to remain in the killing solution from 24 to 3() hours before 
bein^ washed. As soon as the killing solution was washed out, the 
specimens were treated for 20 to 30 minutes with concentrated 
hydrofluoric acid to remove the silicon from the epidermis, and 
again washed. 

The specimens were then dehydrated in ethyl alcohol up to 70 i)er- 
cent, after which a modification of Zirkle’s (lO) butyl alcohol-ethyl 
alcohol series was used as follows: From 70-percent ethyl alcohol the 
specimens were put into a 25-percent solution of n-butyl alcohol in 
95-percent ethyl alcohol. After 2 hours this was drained off and a 
solution of 50-percent n-butyl alcohol in 95-pcrcent ethyl alcohol was 
added, and 2 hours later 75-percent n-butyl in 95-percent ethyl 
alcohol. The specimens were allowed to remain in this solution 
overnight and were then changed to n-butyl alcohol. The remainder 

J Chromic acid 1 g, acetic acid 1 g, water 100 ec 
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of the schedule is the same as suggested by Zirkle (10). The specimens 
were then embedded and cut. The cross sections were out 3ju or 6/* 
and the lon^tudinal and tangential ^ sections were cut 10^- Sec¬ 
tioned material was stained in iron-alum haematoxylin and methylene 
blue. The former stain also was used for portions of leaves stained 
in to to. 

ANATOMY OF HEALTHY LEAVES 

The salient features of the anatomy of a rice leaf are shown dia- 
grammatically in figure 2. The parenchyma consists of the armed-type 
cells referred to by Haberlandt (5, pp. 277-278) in Bambusa^ Arun- 
dinaria^ EhjmuSy Calamagrostis^ and Alistromeria. This same type of 



chyma cells, rf, 11 hro*vascular bundle; e, iransversc bundle, f, sclcrench.v nui cap. X 5f)() 

])arenchyma was also found by the writer in Anmdimiria giganiea 
(Walt.) Chapm. As shown in figure 2, these parenchyma cells in most 
cases lie with their long axes crosswise of the leaf. 

In cross se(*tions of the leaf the armed-type parenchyma cells are, 
in general, irregularly rectangular in outline with invaginations at 
the periphery. In this view their short axes range from 7)u to 15/x and 
their long axes from 15^ to 40 m (fifjs. 2, 3, A^ B). 

In longitudinal sections of the leaf the armed-type parenchyma 
cells are rectangular to elliptical in outline, depending on the portion 
of the cell cut and the location of adjacent cells. In this view their 

< Longitudinal section, as here used, denotes a section cut through the leaf at right angles to its surface 
and parallel to its long axis; tangential section, one cut parallel to its surfatHs. 
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short axes range from 4^t to 10 /x and their long axes from 8/4 to 20 ^ 1 . 
In cases where the cells are cut near the periphery and through the 



I'JOUBE il.- C rotw section of portion of leaf of (A) Shoomed and (B) Blue Hose rice, and (C) tangential 
section of portion of leaf of Blue Rose rice, a, Armed-tyiie parenchyma cells; 6, intercellular spaces; c, 
motor cells; a, small bundle; e, large bundle;/, hyphae of Ilelminlhonporium oryxae. All X 2^. 

mvaginations there appear to be numerous small (jells. Examination 
of cross sections, however, shows that what appear to be cross walls 
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of small cells (fig. 3, C, a) are the invaginations of relatively large cells 
shown in cross sections in figure 3, Ay B. 

In cross sections of the leaves, as shown in figure 3, A, JS, there are 
no conspicuous intercellular spaces. Only small openings occur 



FKiUKK 4. -Tangential (.1) and longitudinal {B) sections of portions of leaves of Shoemed and Blue Hose 
rice, respectively, showing substoniatal chambers (a) and intercellular spaces (5); and surface view (C) 
of portion of leaf of Shoemed rice show ing lower epidermis covering parenchyma (c) and a large bundle (d). 
All X 320. 


opposite the invaginations. There are, however, rather large sub- 
stomatal chambers which are more evident in longitudinal and tan¬ 
gential sections (fig. 4, A). 
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In longitudinal and tangential sections intercellular spaces are 
abundant (fig. 3, Cyf), Frequently the^^ extend from the upper to 
the lower epidermis (fig. 4, B) and occur in bands on each side of the 
bundles. 

Considerable difference was found in the size of the intercellular 
spaces of various rice varieties when examined in longitudinal sections. 
In Aikoku the intercellular spaces are small and relatively infrequent, 
in Kameji, Bozu, and Butte they are somewhat larger and occur more 
often. In Shoemed, Blue Rose, Early Prolific., Storm Proof, and 
eJ-131 they are still larger, and the largest were found in Fortuna and 
Honduras. 

The stomata occur in parallel rows on the upper and lower surfa(H>s 
of the leaf. Tlie rows of stomata alternate with the bundles and motor 
(‘ells on the upper surface. The bands of stomata on the lower surface 
(fig. 4, (\ d) ai‘e opposite those on the up))er surface. 

The substomatal chambers are relatively large and connect with 
tlie intercellular spaces just referred to and, together with the stomata, 
(‘onstitute the system for the exchange of gases in tlie photosynthetic 
area of the leaf. 

Most of the epidermal cells and the guard cells of the stomata are 
studded with papillae as shown in figures 2; 3, H and R; 4, A to ("V 
5, A and E; and 6, A to (7. These papillae (Uffer considerably in size, 
shape, and distribution as shown in the illustrations. Those on the 
epidermal cells extend approximately at right angles to the epidermal 
surface, wdiile those on the guard cells of the stomata are inclined 
toward the stomatal opening. On the upper and lower (‘pidennis 
there occur several kinds of hairs. 

ANATOMY OF DISEASED LEAVES 

The symptoms of helininthosporium leaf spot of rice, as it has been 
observed by the writer, coincide with the descriptions of previous 
investigators. Lesions have been found on plants 18 hours after 
inoculation, as reported by Farneti (2) and others. In the lesions that 
are just a|)pearing, the cells in the vicinity of the invading mycelium 
are brownish in color and the cell w^alls have partly collapsed. The 
invading mycelium from an appressoriurn may enter the leaf through 
a stoma or penetrate directly into the cells of the epidermis, as re¬ 
ported by Nisikado and Miyake (6*) and Ocfemia (7, 8). It appears 
from the specimens examined that invasion is most frequent in the 
motor cells, and often the invaded motor cells are almost filled with 
the mycelium of the fungus. Such a condition is shown in figure 5, 
Aj B, on a leaf of Kameji and Bozu, respectively. Hyphae in the 
motor cells are shown in figure 5, A to C, The section shown in 
figure 5, C, is from a portion of a leaf of Lady Wright inoculated in 
the greenhouse. This portion of the leaf was stained in toto to show 
how the hyphae have invaded the motor cells. Toxic substances 
produced by the fungus soon cause discoloration and death of the 
neighboring armed-type parenchyma cells. 

Lateral branches of the myceliuni that penetrate the inner w^alls of 
the motor cells are produced, and in this way the mycelium gains 
entrance into the intercellular spaces of the photosynthetic area of the 
leaf. Two systems of mycelium are then produced. One develops 
just beneath the epidermis and spreads through substomatal cavitms 
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F UJ URE b.-A, Longitudinal section of a portion of a leaf of Kameji rice, showing remains of spore on surface 
of motor cell at a, two motor cells nearly filled with mycelium at b, and intracellular hypha at c. X 288. 
B, Tangential section of a portion of a leaf of Bozu rice, showing a cell almost filled with mycelium of the 
fungus at dt and intracellular hypha at e» X 288. C, Surface view of a portion of a leaf of Lady Wright 
rice, showing hyphae of the fungus in the motor cells at/. X 228. Z>, Longitudinal section of a jportlon 
of a leaf of Storm Proof rice, showing an intercellular hypha at g in an intercellular space. X 900. 
l^ongitudinal section of a portion of a leal of Blue Rose rioe> showing oonidiophores, at ft, beginning to 
form on an infected motor cell. X 288. 
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from one system of intercellular spaces to the next. The other con¬ 
sists of branches from this system that invade the intercellular spaces 
between the faces of the arrned-type parenchyma cells. A lateral 
strand of mycelium invading the intercellular space of a leaf of Storm 
J^roof is shown in figure />, g. 

The most susceptible varieties have large intercellular spaces and 
large substomatal chambers, invasion progresses rapidly, and the 
leaf spots frequently extend from the midrib of the leaf to the margin. 
The spots are at times circular but more often narrowly ellipti(ial. 
In many cases several lesions coalesce to produce large spots. 

In areas of active invasion the host cells first become yellowish in 
color, the chloroplasts disappear, the protoplasm dies, and the cells 
partially collapse. 

The bundles tend to form barriers against the lateral spread of the 
fungus. To invade adjacent areas beyond a bundle it is necessary 
that the fungus penetrate the bundle sheath. Apparently this is 
accomplished much more easily in some varieties than in others. In 
very resistant varieties it apparently does not occur. 

Jn resistant varieties invasion of the motor cells occurs, but in most 
cases the mycelial strands are small and soon become brownish ifi 
color and thick-walled with rather sparse contents, whereas those 
found in susceptible varieties are not brownish in color and are large 
in diameter and rich in cytoplasm, indicating much greater vigor. The 
conidiophores are formed from a plexus of the mycelium in tlic inter¬ 
cellular spaces or in the motor cells. The latter case is shown in 
figure 5, E, Five immature conidiophores can be seen in this grouj). 

In resistant varieties a deposit is formed in the intercellular spaces 
that aids in restricting the fungus to the area of primary invasion. 
This ability of the parenchyma cells of an invaded area to protect 
those of adjoining areas from invasion is apparently the greatest factor- 
in resistance in the leaves. These deposits are found most highly 
developed in Shoemed, but they also have been found to some extent 
in susceptible varieties. In the more susceptible varieties they are 
formed by groups of cells but never in sufficient numbers to isolate a 
given area completely, as is the case in Shoemed. Changes in the 
walls of the armed-type parenchyma cells and in the cells of the 
bundle sheath, in the immediate vicinity of the mycelium are seen 
in sections stained with methylene blue even before the deposits are 
formed. The cell walls become thicker, stain more intensely with all 
stains used, and after a time become somewhat yellowish in color. 

The deposits are formed between the armed-type parenchyma cells 
considerably in advance of any mycelium, discoloration, or disintegra¬ 
tion of the host cells. The deposits are solid in the case of the very 
narrow intercellular spaces and are sometimes hollow in large inter¬ 
cellular spaces or in substomatal chambers (fig. 6.). In resistant 
varieties these deposits extend from the upper to the lower epidermis, 
from one bundle to the next, and along the bundles. In this way, 
openings that may exist from one set of intercellular spaces to the 
next are filled so completely that in case the fungus has gained 
entrance into the photosynthetic portion of the leaf no further internal 
spread is possible. These deposits also protect the bundles so that 
the fungus is unable to reach additional sources of food or to invade 
adjacent photosynthetic areas. The protoplasmic content of the 
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motor cells is very limited and as soon as the reserve food obtained 
from the area of primary invasion is exhausted the mycelium appar- 
entlv dies for want of nourishment. 

The chemical nature of the deposits is not known. In unstained 
sections they are yellowish brown. They stain intensely with iron- 
alum haematoxylin, as does the outer wall of the epidermis. Wlien 
they were tested for cutin, suberiii, or pectin, no positive reaction was 
secured. Because of the high silicon content of the epidermis it is 
necessary to treat all material with hydrofluoric acid before sec¬ 
tioning. This treatment may so alter the deposits that it is not pos¬ 
sible to determine their composition in sectioned material. 

Usually the formation of the deposits is first observed between the 
parenchyma cells near the bundles just under the upper and lower 
epidermis. 



liitURE 6.—Longitudinal (,A and B) and cross (C) sections of portions of infected leaves of Shoemed rice, 
showing substomatai chambers and interceilular spaces fiiled with deposit at a. In the large intercellular 
spaces shown at b the dei.H)sits are hollow All X 288. 


SUMMARY 

The anatomy of healthy rice leaves is characterized by papillate 
epidermis, motor cells, armed-type parenchyma cells, and usually 
by large intercellular spaces in photosynthetic areas. 

In rice leaves affected with leaf spot caused by llelminthospoHum 
oryzae the hyphae of the fungus grow intercelliilarly in the photo¬ 
synthetic areas and intracellularly in the motor cells and bundle 
sheath. 

The bundle sheaths of resistant varieties are less readily penetrated 
by the fungus than are those of susceptible varieties. The bundles 
interfere with the lateral spread of the fungus in the leaf. 


90 


Journal of Agricultural Research voi. so, no. i, Jan. i, 1935 


In resistant varieties of rice the invading fiingus is hemmed in by 
the formation of deposits, which accumulate in the intercellular spaces 
about an infection. The chemical nature of these deposits has not 
been determined. 
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GNOMONIA NERVISEDA, THE PERFECT STAGE OF THE 
FUNGUS THAT CAUSES THE VEIN SPOT DISEASE OF 
PECAN FOLIAGE ^ 


By J. R. CoLK 2 

Attsiiriale pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industrg, United States Department of Agnculture 

INTRODUCTION 

The vein snot disease of the pecan (Ilicoria pecan (Marsh.) Britton) ^ 
was collected by Deinaree ^ near Austin, Tex., in 1920 and again at 
Ferriday, I^., in 1929. The writer has collected the disease on both 
wild and cultivated pecans in Arkansas, liouisiana, Mississippi, and 
Texas. 

THE DISEASE 

In the vicinity of Shreveport, La., vein spot first appears in May or 
June on the foliage of pecan trees, and in some orchards it causes the 
* leaves of certain varieties to shed prematurely. The disease may 
attack the rachis, the petiole, or the veins, but the entrance of the 
fungus is always confined to the vascular system of the leaf. Infec¬ 
tion may take place at or near the end of the midrib of a leaflet and 
extend down the midrib to its base, producing a narrow black necrotic 
streak seldom extending more than 2 or 3 mm on either side of the 
midrib. The infection may also extend from the main vascular 
bundle that runs lengthwise to the smaller late^’al ones. When 
numerous small lateral bundles are killed, the leaf tissue between 
them dies, forming large dead ureas that may later involve the entire 
leallet, causing it to drop. 

The functus may attack either the terminal or the basal portion 
of the rachis and gradually extend to the opposite end, causing the 
leaflets to fall one at a time until finally the rachis, devoid of leaflets, 
is left hanging on the tree. In other instances, when either primary or 
secondary veins become infected, the fungus does not spread exten¬ 
sively but causes a small oval-to-circular black spot. The leaflet may 
have 8 or 10 of these black spots, which sometimes are not over 2 mm 
in diameter. The vein divides such spots into two almost equal parts. 
In some instances, the fungus attacks the midrib of one leaflet and 
causes it to abscise without interfering with the rest of the leaf, 
whej’cas in other instances it will attack the petiole and affect the 
entire compound leaf. In serious cases, the entire vascular system 
of many leaves is attacked and severe defoliation results. 

Because of its striking similarity to pecan scab (Cladosporium 
ejfusum (Wint.) Demaree), vein spot has perhaps been confused with 
scab by growem and phytopathologists. Since scab spots no longer 

> Received for publication Nov 19, 1931; issued April 1935. 

a The writer wishes to acknowledge the helpful services of the following uienibers of the Bureau of Plant 
Industry. J. B. Demaree, for his criticism of the manuscript; C. L. Shear, for suggestions in the determina¬ 
tion of the causal organism of the vein spot fungus; and Edith K. Cash, for assistance in translating the 
technical description into Latin. 

^ Carya pecan Engl, and Graebn. 

* This information was furnished the writer through correspondence with J. B. Demaree, pathologist, 
Division of Fruit and Vegetable Crop? and Diseases. 
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sporulating are black and are about the same shape and size as lesions 
of the vein spot disease and since scab spots also appear on the leaf 
veins, it is difficult by casual examination to differentiate between 
scab and vein spot lesions. 

THE PATHOGENE 

OONIDIAL STAGE 

The conidial stage of the fungus causing the vein spot disease 
does not appear until the summer or early fall in the vicinity of 
wShreveport, La. The pycnidial bodies are usually most abundant 
about the middle of October. Immediately before the formation of 
the fruiting bodies, which are considered as dimidiate pycnidia, the 
diseased areas on the ventral side of the leaf take on a grayish color 
(fig. 1, At Bf C). The pycnidia usually appear in these areas, either 
singly or in groups, and are difficult to see without some magnification. 

In 1933 the writer** described the py(‘nidial stage of the fungus 
causing the vein spot disease as Leptoihyrium nerrifiedutUt n. s]). It 
was pointed out that leaves containing the T)ycnidial stage of the 
fungus were collected in October 1930 and placed outdoors in wire < 
cages to overwinter. Tlie leaves were examined at regular intervals 
of 3 to 4 weeks to ascertain whether any development was taking 
place. No change was observed, but spores were found to be viable 
as late as May 1 the following year. It was then thought that the 
fungus passed the winter in tlie pycnidial stage. More recent inves¬ 
tigations have demonstrated the relationship between L. nervisedym 
and a perfect stage. Pecan leaves heavily infected with the vein 
spot organism in 1932 were observed the following April to be bearing 
numerous porithecia of the Gnomonia type. The perithecia were 
found only on the past year’s lesions caused by the vein spot fungus. 

The work was repeated the following year with leaves collected at 
Ferriday and Shreveport, l^a., with similar results except that peri¬ 
thecia were loss abundant that year. For reasons that will be brought 
out later in this paper, the fungus is considered an undescribed species 
and the binomial Gnomonia nerviseda is suggested. 

TECHNICAL DESCRIPTION 

Gnomonia nerviseda, n. comb. 

Peritheciis plerumque hypopliyllis, elUpsoideiK, singulis vel grogariis, pycnidiis 
Leptothyni nerviaedi iiitermixtis, 250^-275/* latis, 160/u IHfi/Li altis, rostris 
300m longis, 75m-100m latis praeditis; muris peritheciorum cx strato 2-3 
cellarum rufo-brunnearum vel nigraruin, muris rostroruin ex strato 5-8 celJaniin 
similarium sed longiorum aiigustiorumcpje composiiis; ascis temiiter tunicatis, 
hyalinis, cylindraeceis, 36m 42mX8mj apice poro munitis, ascosporis 14m 15m X 
4m'*-6m, curvatis. guttulatis, uuiseptatis, ad septum constrictis, utriiupie appendi- 
cula gelatinosa auctis, paraphysibus nullis. 

Pycnidiis, hypophyllis, depressis-pulvinatis, 35m 95m latis; conidiophoris 
simplicibus, septatis, rectis vel lenitcr curvatis, 14 m 18m longis, 2 m 4m latis; 
conidiis irregularibus interdum curvatis, oblongisovatis, continuis, 8m 13m 
longis, 2m-3m latis. 

In foliis Ilicoriae pecan (Marsh.) Britton, Arkansas, Louisiana, Mississippi, 
et Texas. 

Perithecia mostly hypophyllous, ellipsoidal, single or gregarious, intermingled 
with pycnidia of Leplothyrium nervisedam. The perithecia are 250m-275m wide 
bv 160m”185m higb- The beaks measure from 200m-300m long by 75m-100m wide. 
The walls of the perithecia are 2 to 3 cells thick while those of the beaks are 5 to 8 
cells thick, but the cells of the beak are much longer and narrower than those of 
the perithecia. The cells of both the perithecia and beaks are reddish brown to 

iCOI.E, J. R, VEIN SPOT OF THE PECAN CAUSED BY I.EPTOTHYRIUM NERVISKDUM, N. 8P. JOUT. AgT. Re* 
eeiilih 40:1079-1088 illus., 1033. 
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black in color. Asci, thin-walled, hyaline, cylindrical, 36/*- 42/* by 8/t with a pore 
at the apical end. Ascospores, 14/*-15/* by 4/*“5/*, curved, guttulate, 1 septate, 
constricted at septum and with gelatinous appendages at each end. Paraphyses 
not present. 

Pycnidia hypophyllous, depressed pulvinate, 35/* 95/* wide, conidiophorcs 
simple, septate, straight or slightly curved, 14/*-18/* by 2/*--4/*; conidia irregular, 
sometimes curved, oblong to ovate, hyaline, nonseptatc, 8/t-13/* by 2/*“3/*. 



Fniu RE 1. A and C, Pecan leaflets showing pycnidia on midrib; B, rachls discolored by vein sjwt fungus. 


Lesions occur only on the vascular system of foliage of Hicoria pecan (Marsh.) 
Britton. The fungus has been found in Arkansas, Louisiana, Mississippi, and 
Texas. 

Type specimens have been deposited in the pathological collections of the 
Bureau of Plant Industry, ITnited States Department of Agriculture, Washington, 
.D. C. 
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PATHOGENICITY 

Ascospore cultures were made from the Gnomonia j)erithecia and the 
resultant growth w as identical with that made from the conidia of 
Leptotkyrium nerrisedum, Cole. Pycnidialike bodies, containing 
conidia, were produced in the ascospore cultures, but no perithecia 
were formed. 

In May 1933, pecan leaves of the Van Deman variety were inocu¬ 
lated with ascospores from leaves collected at Ferriday, La.; with 
conidia from ascospore cultures; and with conidia from pycnidia from 
leaves collected in 1932. The results are shown in table 1. 

'^I'ablk 1 .—Results of inoculating leaves of the Van Demon vanety of pecan with 
conidia and ascospores of the vein spot fungus 

|50 inoculations were made lor each lest) 


Senes no and date 
of inoculation 


1 (May 10). 

2 (J uuc 8). 

:i(Julyl)_. . 


Inoculum 


Conidia from leaves.. . . , 

Conidia from ascospc're cult liras . 
Ascospores from leaves 

(^lieck__ „ . , 

Conidia from leaves, 

Conidia from ascospore cultures.. 
AscOvSpores from leaves . . . 

Check_ . . 

Conidia from leaves ... _ 

(’onidia from ascospore cultures 

Ascospores from leaves .. 

Check. 


Infec¬ 

tions 


ber 

37 

44 

30 

2 

20 

3fi 

10 

K 

34 

41 

14 

10 


Date of 
readinc 


Ma> 30 


dune 2K 


.Inly 21 


Kemarks 


(All inoculations were made 
on the leaf veins, both iin- 
I mature and mat ure 

(Leaves uere inociilnted with 
no apparent difTercnce m 


j| the susceptibility 


The vein spot disease was produced from all three series of inocu¬ 
lations. Infections appeared in 2 to 3 weeks after the inoculations 
were made, with no noticeable difl’erence in the time required for 
infection to take place from ascospores or conidia. 

Several species of fungi belonging to the genus Gvornoriia have been 
reported on the pecan, but the s])ores of only two of them have 
appendages. Ellis and Everhartdescribed one species, Gvomonia 
setaceO' (Pers.) Ces. and DeNot., A^ar. macrosporo Ell. and Ev., occur¬ 
ring on fallen leaves of Quercus^ (kt^iaoeo, and Carya il/icorla) near 
New^field, N. J., as having setae, bu< an examination of the tyyie 
specimens by the writer disclosed that the ascosyiores either wen' 
immature or else had deteriorated so much that a fair comparison 
could not be made, Ilow^ever, the perithecia of the above fungus are 
not confined to any part of the leaves, being scattered over the entire 
leaf surface, and there was no evidence of old Leptotkyrium pycnidia 
among the perithecia. The description of the above organism, ac'cord- 
ing to Ellis and Everhart, indicates that it is different from the Gno¬ 
monia associated with the vein spot fungus. They describe G. setarea 
var. macrospora as being 4- to 8-spored and sejitate in the middle 
without constriction. The asci of G. nervifieda always contmn 8 spores 
and they show a constriction at the septum (fig. 2, /'). 

Matz ^ described a Gnomonia on living pecan leaves in Florida in 
1917. Since the asci of this species contain usually 2 and rarely 1, 3, 

• Ellis J. B., and Everhart, B. M. the north American pyrknomycete.s. a contribution to 
MYCOLOQIC botany, p. 326. Newfleld, N. J. 1892. 

7 Matz, J. an undescribed gnomonia on pecan leaves. Fla. Agr. Kxpl. Sia. Ann Kept 1917- 
89R-94, Ulus. 1918. * 
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or 4 spores, variable in size, and since it is not known to be connected 
with a conidial sta^e, it is considered by the writer as a separate 
species from Gnomonia. nerimeda. 



FfM’RK 2 Tlip vein spot funjiiis. A, (’ross section of a leaf with a pjcnidiuin on the midrib, X 400. i?, 
Representative conidia, X MOO (\ Cross section of a leaf vein, in early spring, shovi mg the pcrithecia on 
both ventral and dorsal sides of t he leaflet; however, the majority are on the lower or ventral side. X 100. 
0, 1’ypical peritheciiim from section of midrib. X 400. E, Representative ascus shewing typical shape, 
X 900. F, Heprosentative a.scosi)ores enclosed in gelatinous membrane, X 1,200. fJ, Ascospore germi> 
nating alter 24 hours, X 1,200. 


Wolf ® described Gnomonia caryaej the perfect stage of Leptothyriurn 
caryae (Ell. and Ev.) Cole {Gloeosporium caryae Ell. and Dearn.), on 
hickory leaves {Carya ot)ata (Mill.) K. Koch), but the perithecia of 
this fungus are scattered over the entire leaf surface with spores 25y 

• Wolf, F. A. a nkw gnomonia on hickory i.baveh. Ann. Mycol. 10: 488-401, illus. 1012. 
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to 33// long and .5// wide and have no appendages, whereas the sporee 
of G, nermseda average 14// to 15// long and 4// to 5// wide and arg 
enveloped in a gelatinous substance drawn out to a point resemblins 
setae. 

Cole® described Gnomonia caryae var. j)ecanaej nov, var., on the 
pecan {Ilworia pecan), but this fungus is morphologically different, 
both microscopically and macroscopic ally, from G. nenriseda. The 
spores of both species bear gelatinous appendages, but those of G. 
caryae var. pecanae are 22// to 28// long and 3// to 5// wide and perithecia 
measure 300// to 350// wide and 150// to 250// high, excluding the beaks. 
The spores of G. nermseda are 14// to 15// long and 4// to 5// wide, with 
perithecia 250// to 275// wide and ItiO// to 185// high, excluding the 
beaks. Conidia from ascospore cultures of G. caryae var. pecanae pro¬ 
duced lesions typical of that formed by the conidial stage of the liver 
spot fungus, Leptothyrium caryae var. pecanae, while conidia from 
ascospore cultures of G. nerrlseda produced lesions typical of the coni- 
dial stage of the vein spot fungus, L. ncrrisedum. 

SUMMARY 

Vein spot, a foliage disease of pecans, Hicoria pecan (Marsh.) Britton 
{Caryae pecan Engl, and Craebn.), caustHl by Gnemoina iierriseda, 
n. comb., has been collected by the writer in Arkansas, Louisiana, 
Mississippi, and Texas. 

The disease attacks the rachis, the petiole, or the veins, and is 
always confined to the vascular system of the leaf, thereby suggesting 
the name vein spot.^’ Heavy infection results in severe injury to the 
foliage or in premature defoliation. 

The pycnidial stage of the vein spot fungus, Lepiothyrlvm 7 iernse- 
dum Cole, does not appear until summer or early fall, while the perfect 
stage appears the following spring on the fallen leaves along the old 
vein spot lesions. 

The writer was able to demonstrate the relationshi]) l)etween the 
])ycnidial and the perfect stage of the vein spot fungus. 

The perfect stage of the vein spot fungus is described as new, Gno^ 
tnonia nerriseda, distinct from G. sefacea var. macrospora Ell. and F)v., 
from a two-sporod Gnomonia described by Mat/, in Florida, from G. 
caryae Wolf, and from G. caryae var. pecanae (\)le. 

OCOLE, .1. U. LIVKH SPOT DISEASE OF PE(’\N FOll\f.K(A«l.ShI) »\ (iNOMON)A ( A in AK PKl'AN A K, NO\ \ AH. 
Jour. \Rr. llesoHrch 47. illus 
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A PHYSIOLOGICAL STUDY OF SEASONAL CHANGES IN 
THE COMPOSITION OF THE PECAN DURING FRUIT 
DEVELOPMENT ‘ 


H\ Cliffokd J. B. Thok, agents and (^haules L. Smith, asHociate phyttiologialy 

Division of Fruit and Vegetable. Crops and Dtseases, Bureau of Plant Industryy 

United States Department of Agriculture - 

LITERATURE REVIEW 

Extensive studies of the inorpholopcal and anatomical develop¬ 
ment of the pecan nut (JJicoria pecan (Marsh.) Britton) ^ have been 
rej>orted by J. G. Woodroof (^/)/ N. C. Woodroof (35), Woodroof 
and Woodroof (32, S3, 34), Shiihart (26, 27, 28, 29), Isbell (18), and 
Adriance (/), No systematic physiological study of the normal pro¬ 
cess of nut development has been reported. In fact, the only data 
known to the writers relative tn the physiolog;ical changes that (K?ciir 
during the development of pecan fruits are some analyses of pecan 
kernels made at intervals during the filling ])rocess by Woodroof and 
Woodroof (33). 

Numerous investigations relating to the effects of cultural and 
climatic conditions on the iinal quantity and (juality of oil in many 
oily se(Hls have been rej>orted. Fewer studies of the course of 
development of tlie oil and its cojistituents in seeds during the entire 
period are available. These are represented by the studies of Garner, 
Allard, and Foubert (15), Eyre and Fisher (10), Eyre (,9), Bushey, 
Puhr, and Hume (5)^ Blooniendaal (3), Dillinan (8), Johnson (21), 
Fomin (//), and Fuchs (12), dealing chiefly with annual crop plants 
such as flax, cotton, and soybean. These workers lound that oil 
fonnation usually occurs rapidly during a relatively short period 
and often is j^ractically comjdete some time before the seeds art' 
‘ullv mature. 

'f he most complete study of oil-seed metabolism seems to be that 
reported in 1912 by Ivanow (19), who determined changes in carbohy¬ 
drates, oil, oil consiants, and nitrogen fractions during the development 
of the seeds of flax, rape, liemp, popp3^ and sunflower. In most cases 
the period of seed development was represented by only 3 or 4 
sampling dates. In all cascrv there was a period of intensive oil 
formation occurring near the middle of seed development. This was 
accompanied by a simultaneous but apparejitly independent accumu¬ 
lation of protein in the seed. Reducing-sugar content invariably 
decreased during the time when samples were taken, while sucrose 
showed increases in total amoxint in some cases but as a rule decreased 
in percentage concentration on a dry basis. Insoluble carbohydrate 
fractions usually decreased in percentage of dry weight, but the 


* Received for publication Aug ti, 1934, Issued April, 193,'^ 

* The writers are indebted to T^. 1) Romberg, of the Di\ ision of Fruit and Vegetable Crops and Diseases, 
for assistance in the nitrogen determinations. 
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actual ainoimts increased during the period of active growth, then 
remained relatively constant. There was no indication that pento¬ 
sans in these oily seeds functioned as reserve materials or potential 
sources of oil. The various seed receptacles, insofar as they were 
studied, were found to lose sugars and nitrogen, especially soluble 
nitrogen, and to gain in i)ercentage of insoluble carbohydrates, 
during the ripening process. In general, these results were con¬ 
sidered to establish glucose as the precursor of oil formation in oily 
seeds. How^ever, the major interest in Ivanow's studies concerns 
the chemical properties of the oil during its formation. 

Studies on the development of oily seeds, in which attention was 
paid to constituents other than oil, seem to be relatively scarce, 
l^erhaps the earliest work is that of Miintz {25), who determined 
sugars, starch, oil, and protein in rape seed and rape hulls at seven 
different stages in the development of the seed. After most of tlic 
oil was formed starch decreased and sucrose increased in the seed. 
Protein accumulated gradually during the liiiening period. Since 
there was a notable decrease in the sugar content of the hulls and no 
important cliange in their low lipide content, Muntz concluded that 
these sugars were the principal source of carbon for oil formation and 
that the transformation took place in tlie seed as fast as the sugars 
were translocated. lie also pointed out that, in general, immature 
oily seeds contain both reducing and nonreducing sugars, wliile the 
mature seeds contain only nonreducing fonns. Leclerc du Sablon 
{22, 23) later presented data showing a decrease in the ]>ercentage of 
carbohydrate fractions in w^alnuts and almonds coincident with the 
increase in percentage of oil. However, he considered only the rediic- 
ing-sugar fraction to undergo conversion to oil, since the absolute 
amounts of sucrose and of ‘^amylose’’ were said to increase rather 
than decrease during the ripening process. Gerber {J6, 17) found a 
rise in respiratory quotient above 1 during oil formation in olives 
and castor beans, indicating a conversion of carbohydrate to oil. 
Vallce {SO) studied changes in sugar and oil content of almond 
kernels and pericarp. Since most of his data were expressed only on 
a fresh-weight basis, his interpretations are (piestionable. A decrease 
in percentage of sugars in the kernel on a dry basis preceding and 
during oil formation was considered as evidence that both reducing 
sugars and sucrose served as sources of the oil. 

More recently Galluj) {13, 14) and Caskey and Gallup {6) have 
studied quite extensively the chemical changes occurring in the 
cotton boll during its grow th. Both the entire boll and the seeds 
showed gradual increases in the amounts of ash, crude protein, crude 
fiber, and oil from 10 days after blossoming until maturity. The 
percentage of nitrogen-free extract dropped rapidly, but, in terms of 
absolute amounts per boll or per seed, a similar decrease w’^as not 
evident. In the lint there were decreases in percentage of all frac¬ 
tions except crude fiber, which increased rapidly. In terms of actual 
weight, nitrogen-free extract as well as crude fibc^r increased, while 
other constituents w^ere irregular. Sugars determined from the 
twenty-first day to maturity, when oil formation was most active, 
decreased both in amount and in proportion to other substances in 
all parts of the boll. Lonzinger and Raskina { 24 ), working with 
cottonseed, found a rapid increase in oil up to an age of 50 days. 
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Water-soluble material decreased for 35 days and then became con¬ 
stant; crude fiber increased for 40 days and then became constant; 
ash increased for 35 days and decreased after 50 days. 

No study of the development of all major constituents in perennial 
oil-seed fruits, such as the pecan, has previously been reported. Such 
information on the physiological development of the pecan fruit is 
particularly desirable in order to understand fully the effects of various 
orchard conditions on the quality of the mature fruit or nut. A 
knowledge of the normal physiological development of various parts 
of the pecan fruit is necessary to an understanding of the effects of 
such factors as water shortage, defoliation by insect or fungus attack, 
shortage or abundance of mineral materials essential to the tree, and 
many other conditions that may develop in the orchard. 

MATERIALS AND METHODS 

Sample material was collected at intervals throughout the period 
from May 18 to November 14, 1932, from trees of tne Burkett and 
Stuart varieties of pecan growing on the Pearce Farm near Austin, 
Tex. Table 1 gives a summarized description of the condition of the 
fruits on the various sampling dates, including the approximate 
number of weeks frojii full bloom and the average green weight per 
fruit. Samples collected on each date represented the average 
condition of tlie fruits for that date. All samples were taken from 
the same trees. 

Table 1.— Condition of pecan fruits on the several sampling dates 
BUUKETT VAKIETY 


Hanii»ling date 


May 18. 

June 30. .. 

July 21. 

Sepl 1. 

Sept 12 .. 

Sept. 10. 

Sept. 20... 

Oct. 3 _ _ 

Oct. 10. 

Oct. 17.. 


Oct. 10 to Nov. 14. 


Time 

Average 


after full 
bloom 

green 

weight per 
fruit 

Condition of material 


Gramn 


5 

0.075 

Young nutlets with stigmatic surfaces quite black, hard, 



and dry. 

11 

1.90 

Apimrently same as on May 18 except for size. 

14 

7.60 

Apparently same as on June 30 except for size. 

20 

32 35 

Shucks firmly attached to shells; shells beginning to harden; 



kernels very watery and low in dry weight. 

22 

35.92 

Shells quite hard; kernels not watery but very sticky. 

23 

33.34 

Kernels doughj : red packing material very sticky. 

24 

38.50 

Same as on Sept 19. 

25 

38. 29 

Shucks lotise from shells but not split along the four rays; 



shell markings developed. 

26 

27 

27-31 

38.09 

34.40 

Shucks loose from shells and many split along the four rays. 
Shucks practically all split along the four rays; red packing 
material dried out considerably and more easily separated 

from kernel than previously. 

Nuts apparently mature. 



STUART VARIETY 


May 18. 

5 

0.078 

June 30. 

11 

2.68 

July 21. 

14 

8.68 

Sept. 2. 

20 

32.14 

Sept. 19. 

23 

38.52 

Sept. 26. 

24 

46.06 

Oct. 3. 

25 

46.25 

Oct. 10.. 

26 

42.70 

Oct. 17. 

27 

38.87 

Oct. 19 to Nov. 14.--_ 

27-31 



Young nutletii with stigmatic surfaces quite black, hard, 
and dry. 

Apparently same as on May 18 except for size. 

Apparently same as on June 30 except for size. 

Shucks firmly attached to shells; shells quite hard, kernels 
not watery but very sticky. 

Kernels doughy; red packing material very sticky. 

Shucks beginning to loosen from shells. 

Shucks loose from shells and many split along the four rays; 
shell markings developed. 

Shucks practically all split along the four rays. 

Red iiacking material dried out considerably and more 
easily separated from kernels than previously. 

Nuts apparently mature. 
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SAMPLING MKTHOIXS 

The nut clusters were picked as rapidly as possible during the fore¬ 
noon and brought to the laboratory in paper bags. The individual 
fruits were picked from the clusters, counted, and the whole lot 
w^eighed in order to determine the average weight i)er fruit at each 
sampling date. The whole fruits were ground in a food chopper, and, 
after thorough mixing, portions were weighed out for samples to be 
preserved by drying or by boiling in 80-percerit alcohol. Beginning 
September i, samples of separate tissues or fruit parts w('re taken in 
addition to the whole-fruit samples. The shuck was peeled and 
scraped away from the shell. The nut was then cracked and the 
kernel removed as completely as j)ossible. The remaining material 
constituted the shell sample. All possible precautioiis were taken to 
prevent loss of material while the separations were being made. 
Record was ke])t of the number of fruits used for ea<*h separation 
(usually 50) and of the total weight of each type of tissue. Finally, 
each tissue was ground in a food cho])])er or a Nixtamal mill and por¬ 
tions were weighed out as for the whole-fruit samples. 

The samples to be dried were killed by placing theju in an oven at 
100^^ C. for 1 to 2 hours. The others were transferred imnu'diately to 
500 ec Erlenmeyer flasks containing about 1 g of cahuum carbonate 
with sufficient hot 95-percenl ethyl alcohol to give a final ak^ohol con¬ 
centration of at least 80 percent. The flasks were then closed with 
short-stemmed funnels and heated for aj)|)roximately »h) minutes on a 
w^ater bath kept at 90° to 95° C. The flasks were sto])])eied wiiilc 
still hot and stored in the dark until the samphs woiv used for sugar 
analyses. 

The kernels of the September 1 sam])les of the Burkett variety were 
still too watery to permit cracking off the shell after removal ofth(‘ 
shuck. In order to remove the kernels without loss of the fluid th(\v 
contained, the shuck and sliell together were cut away from the kernel 
with a shar[) knife, since it was found that leaving the shuck a.ttache<l 
to the shell facilitated the separation. A similar lot of nuts was used 
from which the shucks were remoA^ed and sam])led. The remaining 
shell and kernel portion was ground as a whole and samjded. From 
this combination analytical values for the shell alone could be 
calculated. 

Beginning with the samples of September It), it became pra(*tically 
impossible to make a ])erfectly clean separation between kernel and 
shell because of the very sticky nature of the red packing material 
between the two tissues. 


ANALYTrCAL METHODS 

Whenever the nature of the material permitted, the official meth¬ 
ods of the Association of Official Agricultural Chemists ( 2 ) were (un- 
ployed. 

Diiy MATTEii. —Sani])lt‘s that tiad been weighed into aluminnin cans imd placed 
in ovens at 100® C, for 1 to 2 hours were transferred to a vacuum oven aiul dried 
to constant weight at a temperature of 80® and a pressure of It^ss than 1 mm 
of mercury. The resulting dry material was ground in a drug mill or food chopper 
and stored in 8-ouncc glass bottles. Kernel samples were kei>t in a refrigerator 
at 0® to 5®, the others at room temperature. The material was redricd under the 
same conditions before it was used in further analyses. 
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Totai. ,mtu<><}KN.- TliP profCMlure followed closely the Kjeldahl-Guiiiiing- 
Ariiold method except for the use* of copper wire as the digestion catalyst, and the 
use of 30 cc of sulphuric acid rather than 25 cc because of the high oil content of 
some of the sainjiles. In general, 2-g portions of dried material were used except 
for the oily kernels, in which case 1 g was more suitable. 

Ash.“ {^amf)les of 2 to 5 g of the dried material were weighed into ignited and 
tared cru(*ibles. Ashing was carried out in an electric muffle in which tlie temper¬ 
ature was raised slowly to a dull red heat, where it was held until ashing was com- 
plct(‘. 

Oil. - 3\venty-five-gram samples of dried material were weighed into 100-cc 
beakers and transferred to ahindum thimbles, the adhering oil being removed 
with the* petroleum etluM' (b. p. 30-(>(b used to fill the large-size Soxhlet extractors. 
Extraction was co?ifinued for S hours, which time had been shown to be sufficient 
for removal of oil from pecan kern«*ls. After the solvent had been distilled off 
the flasks and contents were dried for 4 hours in an air oven at 100° C., cooled in 
desiccators, and weighed Deiler and Fraps (7) have reported that pecan oil 
wijcn lu'ated in a steam oven gained only 0.0.') percent of its weight in 4 days, and 
it has be(‘n the «*\perience in this laboratory that any increases in w'cight of oil 
due to oxidation fluring the 4-hour dryiiig jieriods are insignificant. Since pre- 
liminarx extractions of shuck and sheli tis.sues show'ed that they contained rela¬ 
tively small amounts of lipide, it was considered sufficient to determine the oil 
content only of tin* k(*rnel and whole-fruit SMinples. 

Fkkk rATT\ \('ii)s. The ether extracts of the kernel samples, amounting as a 
rule to 17 to 19 g, were titrated with alkali according to the official methods 
''riie results were calculated as ])ercentage of oleic acid in the 
oil. 

SrcjMis— The alcohol-pre*<er\ed samples, repiesenting as a rule 50 g of fresh 
material, were transferred t<» large Soxhlet extractors with SO-percent alcohol 
and extracted for 22 to 24 h(»ur.> on a water bath kept at 95° to 09° The ex¬ 
tracts of kernel and whole-fiuit samples were transferred to separatory funnels, 
treated with 75 cc of chloroform, and diluted with water until a distinct chloro¬ 
form layer .s(*parated After standing overnight, the chloroform-lipide layer was 
run off and dis<*arded. Such a chloroform c‘xtraction ])roved to be unnecessary 
for sli(*ll and shuck sanuffes. 

The alcnhol extract was <listilled almost to dryness in vacuo at temperatures 
not abo\e (>0° (\ The residue was taken uj) with water, treated with sufficient 
saturated iMMitral lead acetati* to clear the solution, and made up to a volume of 
250 cc or 500 cc. Mo.st (lecan tissues recpiire unusually large (juantities of lead 
acetati* fm- satisfactory cl(*aring, 25 cc of saturated solution being necessary for 
all the samples (*xcept those of keriuds, for vxhich 10 cc was used. The cleared 
filtrate wa.s del(‘aded with solid anhydrous disodium phosphate. 

The Muii.son-W alkt*r method was u.sed for tlu* determination of sugars in 
aliijuots of tin* lead-fret* filtrate. Reduced copper was determined by the volu¬ 
metric peimanganate method. For the d(*termination of total sugars, inversion 
was accomplished by means of acid at loom temperature as directed in official 
methods (2, /<S7, (2drl). 

Sinct* previous work had shoyyu that the sugai in mature pecan kernels is almost 
exclusively sucrose, all reducing sugar v^alues were calculated as invert sugar, and 
nonn'ducing sugars as sucrose. 

PoL\ sAeruAUiDEs, The alcohol-insoluble residues were transferred to tared 
aluminum cans, dried m an air oven at 100° C., and weighed. After being ground 
in a drug mill they were stored in glass bottles and rodried under the same con¬ 
ditions just before .sampl(‘s were weighed out for determination of polysaccharides. 
The dry residu(*s from yvhole-friiit .samples were extracted with petroleum ethei 
to remove oil, and reweighed. 

The official method for determination of .starch in feeding stuffs by direct acid 
hydrolysis (2, p. Hi) [2/J) yvas a[3plied to all residues exc<‘pt those from the kernel 
samples. The preliminary cokl-water extiactions wore eliminated, since sugars 
had already been extracted with alcohol. The method could not lie used satis¬ 
factorily on residues from the kernel samples because the acid seemed to dissolve 
enough of the high-protein content to interfere with the precipitation of cuprous 
oxide. No such difficulty appeared in the ca.se of the wdiole-fruit samples, so the 
values for the kernel portion yvere calculated by difference from the data for 
whole-fruit, shuck, and shell samples. 

Since the iodine-potassium-iodide test gave negative results on all types of 
preserved tissues, and since the diastase method for starch gave insignificant 
values on the first two wdiole-friiit samples as well as on representative shuck 
saini)les, the latter methtid was not used as was originally intended. 
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ANALYTICAL DATA 

The accumulation of dry matter in the pecan fruit and sevei’al of its 
parts is shown in table 2. It is evident that the shuck and shell por¬ 
tions were structurally almost complete at the time the first separa¬ 
tions were made. The rest of the analytical data are presented 
graphically in figures 1 to 14, which are self-explanatory. In all 
graphs the data for each type of tissue are consistently represented by 
the same kind of point mark, and the same base line is used through¬ 
out the series. The harvesting date, October 18, comes at 153 in 
the scale of days from the first sampling. Samples wen' not collected 
on the date of harvest, but were tak(‘n on the preceding and following 
days, so that the How of materials from the tree into the fruit was free 
to continue for 1 day after the last preharvest sample. 

The marked differences between <‘urves obtained from data cal¬ 
culated as percentage of dry weight and those calculated as weight 
per fruit illustrate the importance in work of this type of knowing 
actual amounts of material in each tissue as well as the juere ratios 
of materials that the usual percentage values represent. 

The close similarity in the graphs for the two varieties makes «ny 
distinction between them pra<*.tically unnecessary in most cases. 

Table 2 -Dry-weight chaugea in the pecan fruit 
BrUKKTT VAHI FT Y 




Avcrajiedry weiRht per fruit of 



A\crnge(lr\ weight per fruit of 

Date 

Days 

Whole 

fruit 

Shuck 

Shell 

Kernel 

Dale 

I)a>s 

W h()l(‘ 
fruit 

Shuck 

Shell 

Kernel 


Nam- 






\u m- 






bn 

Graim 

(irama 

(fra mat 

(frarntf 

IffJ' 

her 

f/ra aifs 

(fra mif 

(/lam/- 

(rKlfUN 

May 18- 

0 

0 024 




Oct 17 

162 1 

14 68 

4 66 

1 41 

0 22 

June 30- 

43 

68 




Oct 19 

164 1 



1 04 

6 39 

July 21 

04 

1 ‘19 




Oct 21 

161. 1 



4 (Ml 

6 16 

Sept 1- 

100 

8 27 

3 01 

3 91 

0 M 

Oct 24 

169 



3 9<) 1 

6 60 

Sept 12 

117 

10 62 

4 29 

4 14 

1 40 

Oct 20 

l(>l 


1 

1 3 87 ' 

6 40 

Sept 19- 

124 

11 23 

4 (Ml 

j 4 00 

3 39 

Oct 28 

103 


1 

! 1 01 j 

I 6 48 

Sept 20 

131 

13 24 

4 31 

4 31 

4 38 

N«iv 4 

1 170 


1 

i 4 00; 

1 6 16 

Oct. 3- _ 

138 

13 92 

4 33 

4 14 

6 68 

Nov 14 

180 



1 3 93 

j 6 40 

Oct 10 

146 

16 01 

4 42 

, 4.2H 

G 12 





1 

1 



STu art variety 


May 18- 

0 

(> 026 




Oct 17 

152 

16 19 

4 20 

5 46 

5 28 

June 30. 

43 

68 




Oct 19 

164 



6 09 

5 43 

July 21.. 

64 

2 08 




Oct 21 

15<> 



6 67 

5 10 

Sept 2 - 

107 

9 46 

3 48 

’ 5 06 

0.94 

t)ct 21 

169 



5 06 

6 27 

Sept 19- 

124 

12 62 

4 04 

4 97 

3 65 

Oct 20 

101 



5 77 

5 33 

Sept 26. 

131 

14 46 

i 4 64 

6 48 

4 30 

Oct 28 

lt>3 



6 70 

6 17 

Oct 3 

138 

14 53 

4 40 

6 21 

4 84 

Nov 4 

170 



6 82 

6 37 

Oct 10-- 

146 

14 75 

4 19 

6 19 

I 

. 5 18 

Nov H 

180 1 



5 82 

6 38 

-- 

-- 

L . - 

— 


- _ 

- 

!_ 1 


_ 




MOISTURE AND DRY MATTER 

Figures 1 and 2 show that the kernel and shell portions of (he fruit 
were subject to a dehydration process from the time the watery 
kernel could first be removed whole until it was mature, although the 
surrounding shuck contained more than 75 percent moisture through¬ 
out the entire period. The increase in percentage of dry matter in 
kernel and shell followed roughly a double drying curve; the first, 
from September 1 until harvest; the second, from harvest on. 








DRY MATTER (PERCENT) MOISTURE PER FRUIT (GRAMS) 
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Fwurb 1.—Changes In dry matter and moisture content during development of the pecan nut (Burkett 

variety). 
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ASH 

TIu' iiHioiiHt. of miiuM'al inattiM* in M\r \nIh> 1(‘ IViiit incn'asi'd (jiiilo 
regularly from the he^iiinifi^: of its (level(>|)iuen( until harvest. It is 




Fiourk 2. -Changes in dry matter and moisture content during development of the i»ee.an nut (Stuart 

variety). 

significant that the larger part of this aocuinulation occurred in the 
shuck, where the mineral constituents doubled in amount during tlie 
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r(*la(iv(‘ly short (illioo; jx^ricKi. Tlio docroaso hi ])orcc‘iila^e of asli 
(dry weiglit) in tho wliole fruit aJid in the kernel was due to dilution 
with other materials, e. g., structural carbohydrates and oil laid down 



DATE JUNE JULY AUG. SEPT. OCT. NOV. 

Figure 3. C'hanges in ash content during development of the pecan nut (Burkett variety). 

during that time, and not to any loss of mineral constituents. The 
mineral constituents contained in the kernel showed a gradual increase 
as filling progressed. All these cdianges are illustrated in figures 3 and 4. 
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TOTAL NITROGEN 

Figures 5 and 6 show that the nitrogen content of the pecan fruit 
increase throughout the growing period, although the concentration 
of nitrogen on a dry-weight basis decreased until filling had begun. 




Fioube 4.—ChanROs in ash content during development of the pecan nut (Stuart variety). 

During the filling process, the nitrogen content of shucks and shells 
remained practically constant and the increase of nitrogen in the whole 
fruit was due almost entirely to the deposition of kernel protein. The 
latter process was very nearly completed during September. 
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OIL 

J'igures 7 and 8 show tlie course of oil formation in the pecan kernel. 
On September I oil synthesis had barely begun, but during the next 
30 days 75 to 80 percent of the final oil content of the kernel was laid 
down. Hy September 19 the oil in the kernels had reached a concen¬ 
tration of 70 percent on a dry-weight basis, after which time there was 
a gradual increase until harvest, when the Burkett variety contained 
about 74 percent of oil and the Stuart variety about 76 percent, on 
a dry-weight basis. On a green-weight basis the concentration of oil 




Fujure 6 — (’’hatiKes m total uilrogen content during development of the i)ectin nut (Burkett variety). 


in the kernels at harvest was near 50 percent in the Burkett and 57 
percent in the Stuart, and it increased rapidly for a few days following 
liarvest. However, this increase was due entirely to the loss of 
moisture from tlie nuts, since tnere was no significant change in the 
actual amount of oil present in the kernel or in the concentration of 
oil on a dry-weight basis. 

The actual amount of oil per ni^ increased from the time filling 
began until harvest and remained relatively constant thereafter. The 
sudden drop at harvest time in the case of the Burkett variety is 
almost certainly a result of the necessity of changing to a new group 
of trees for after-harvest samples. 
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The values for free fatty acids in the oil are not giv^en, because they 
were insignificantly low and showed no definite trend, l^he oil from 
the earliest kernel sample was highest, with a value of 0.7 percent, but 
the small amount of oil available made the error of determination very 
great. All subseriuent values were less than 0.25 percent. In general, 
the data indicate no real tendency towaril accumulation of free fatty 
acids ])rior to glyceride formation. 

SUGARS 

In considering tlie results of sugar analyses it seems adecpiate to 
discuss only total sugar values, since for any om^ tissue practically all 




FMiI kk <i - f’hjuiKt's. m loful nilrogeii coufenl <hjrinfi:ae\eloi>iiHnit of llu* ]M‘can mil (Sluurt varirly) 


of the sugar was found either in the reducing or in the nonreducing 
form and no definite shift from one to the other was observed. K.y^ept 
in the very early watery stage the kernel contained almost exclusively 
nonreducing sugar, all indications being that it was sucrose. In other 
tissues reducing sugar was the predominant form. 

Figures 9 and 10 show the changes in sugar values during the whole 
period of fruit formation. The sugar concentration in the whole fruit 
on a dry-weight basis rose to a sharp maximum near the middle of 
July, and thereafter decreased steadily until early October, when it 
remained redatively constant, On the weight-per-fruit basis, how¬ 
ever, the maximum sugar content was not reached until tlie first ])art 
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of September. Duriiiji!: tlie jjeriod of rapid production of oil and pro¬ 
tein in the kernel there was a significant drop in the sugar content of 
the whole fruit. 

In the shucks, both tlie sugar content per shuck and the sugar con- 
centi’ation on a diy-weight basis rose from September 1 until tlie forma¬ 
tion of oil and protein were well under way, then dropped sharply. 


O) 



Fkjure 7 ('hanvios in oil content during de^elopnlent of the pecan nut (Burkett variety). 


The relatively high sugar content of the early shell sainples <Ie- 
(*reased rapidly during the first 2 weeks of September, remaining at a 
very low' level thereafter. 

Only one sanijile of the kernel in the w-atery stage was obtained, and 
it contained a very high concentration of sugar on a dry-weight basis, 
although the actual amount of sugar per nut was relatively small. The 
sugar (‘oncentration on a dry-weight basis as well as the amount per 
kernel dropped to a very low' leveiat the time oil synthesis began ami 
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remained low until most of the oil had been formed. Then there was 
a very rapid accumulation of nonreducing sugar until harvest. Of 
special interest is the fact that more than 50 percent of the sugar con¬ 
tent of the mature kernel was laid down in the 2 weeks immediately 
preceding harvest. No definite influx of sugar into the wliole fruit 
from the trees was observed during this period, hut there was a drop 


cn 



Figure 8 . Changes in oil content during development of ihe peouu nut (Stuart variety). 


in the sugar content of the shuck corresponding roughly in amount to 
the increase in the kernel. 

Figures 11 and 12 show the changes in the ratio of total sugar to 
moisture content. Assuming that all the sugar was dissolved m the 
portion of the water that was removed by the procedure used for 
moisture determinations, this should give an approximation of the 
concentration of sugar solution in the tissues. Calculated in this 
manner, the sugar concentrations show surprisingly small variations 








TOTAL SUGAR (PERCENT OF DRY WEIGHT) WEIGHT PER FRUIT OF TOTAL SUGAR (GRAMS) 
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except for the kernel tissues. Although the major portion of the 
increase in the ratio for kernel tissues occurred as a result of dehydra¬ 
tion after harvest, the curve had started definitely upward by the 



FuuTUii IJ -Ratio of total sugar to moisture during tlie development of the pecan nut (Burkett variety). 


niicjdlc of Sejiteiubcr, when syntheses of oil and of protein were at 
their lieight. 

POLYSACCHARIDES 

The changes in acid-hydrolyzable polysaccharides are shown in 
figures 13 and 14. These substances increased rapidly in the whole 

35-2 
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fruit during the summer, when shell and other structural parts were 
forming, and more slowly after filling of the kernel began. From the 
time tissue separations were first made, the acid-hydrolyzable poly¬ 
saccharides of shuck and shell portions showed no important change. 



Certainly they were not functioning as carbohydrate reserves from 
which the sucrose so rapidly deposited in the kernel could be derived 
The acid-hydrolvzable polysaccharides in the kernel increased 
gradually during the filling process. Since these values had to be 
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calculated as the difference between the whole-fruit data obtained 
with one lot of 50 nuts and the shuck plus the shell data obtained 
with a second lot of 50 nuts, any difference in the two lots due to 
sampling error would show up in the kernel value. This may explain 
the position of the last point on the Burkett kernel curve. 




Figure 13.--Changes In acid-hydrolyzable polysaccharide content during the development of the ttecan 

nut (Burkett variety). 


GENERAL DISCUSSION 

For present purposes, the development of the pecan fruit may be 
divided into two more or less distinct periods. The first comprises the 
time from blossoming until the kernel begins to fill, i. e., from early 
May to late August or early September in central Texas. The second 
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period covers the processes of filling and ripening of the niit, the term 
“filling’’ referring to building up of actual dry-matter content of the 
kernel. 

Because of the large number of fruits necessary for an adequate 
sample, the numDer of samplings during the first period was necessarily 
limited and separation into various parts was impracticable. The data 
obtained show that on a w^eight-per-fruit basis large increases in all 




the determined constituents except oil occurred during this time. In 
the case of total nitrogen and mineral constituents, however, the 
increase^was not so rapid as that of structural materials in general, so 
that the percentage of nitrogen and ash on a dry-weight basis showed 
a fairly^^regular decrease. The sharp maximujn in the concentration 
of totalfsugar occurring in July may be related to the observations of 
Woodroof and Woodroof [31, 33, 3^, 35) that the fertilized egg begins 
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to undergo division at about that time. The rise in percentage of 
acid-hydrolyzable polysaccharides during August was very probably 
the result of the later stages of shell formation. 

After the beginning of the filling process about September 1, the 
amount of ash in the shell and of total nitrogen and acid-hvdrolyzable 
polysaccharides in both shell and shuck remlined practically constant. 
On the other hand, itnneral constituents, protein, oil, and acid- 
hydrolyzable polysaccharides began to accumulate in the kernel at a 
rapid rate, and deposition of these substances continued until harvest. 
The major portion of each of these constituents, however, accumulated 
in the kernel as early as October 1. 

These results agree in every essential with the data given by Wood- 
roof and Woodroof (33). However, their conclusions that the decrease 
in percentage of nitrogen-free extract was due to a decrease in soluble 
carbohydrates and that the increase in percentage of oil was due to 
transformation of carbohydrate to oil appear to the writers not to be 
justilied by the data preji^nted, since the actual amount of nitrogen- 
tree extract in the kernel in grams did not decrease but instead more 
tJian dout)led during the period in question. Moreover, the recorded 
decreases in percentage of ash, protein, and fiber, as well as nitrogen- 
free extract, are largely the results of dilution with oil formed during 
th(» period, and represent actual increases in the amounts of these 
substances present in the kernel. The introduction into the kernel 
of 00 to 70 percent of its final weight as oil during the course of 4 to 6 
weeks makes the drawing of conclusions from jierccntagc composition 
data alone unusually hazardous. 

The idea apparently be<ioming prevalent in the literature that the 
kernel of the pecan first fills with carbohydrate material w^hich rapidly 
clianges over to oil during the ripening process is entirely without a 
quantitative basis and is not borne out by the present study. The 
(ie(*rease in sugar content of the whole fruit during the period of oil 
synthesis, wdiich is of greater magnitude than the decrease of sugar in 
any part, could account for not over 5 percent of the final oil. The 
highest total amount of sugar found at any time could not make more 
than 12 penrent of the normal oil content. The acid-hydrolyzable 
polysaccharide fr action, which should be next in point of availability, 
show s no significant decrease in any part, and the whole amount in the 
kernel itself could not possibly make 3 percent of the final oil content. 
As a matter of fact, a simple calculation shows that 1 g of glucose con¬ 
tains only sufficient carbon to make 0.517 g of triolein, which, accord¬ 
ing to Boone (4) and Jamieson and Gcrtler (W), constitutes about 80 
percent of pecan oil. if it be assumed that the energy difference 
betw^een (uirbohydrate and fat also comes from combustion of glucose, 
as is probably the case, then the figure becomes only 0.3G8 g triolein 
from each gram of glucose as a maximum limit. By the first of Sep¬ 
tember, when oil production was just beginning, the average dry 
weight of the whole fruit w as 8.27 g for the Burkett variety and 9.45 g 
for the Stuart variety. If this entire dry weight had been pure glu¬ 
cose, and if it w^ere completely changed into oil during ripening, it 
could not possibly have given more than 9.45X0.517 or 4.88 g of oil, 
and the more probable maximum would have been 9.45X0.368 or 
3.48 g. Actually, both varieties produced very nearly 4 g of oil per 
fruit after September 1 and durii^ the same period showed an increase 
in average dry weight of approximately 6 g. 
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Both the present data and simple calculations of the relationships 
involved leave no doubt that practically all of the oil content of the 
pecan kernel is formed from materials brought into the fruit from 
other parts of the tree at the time of oil formation. Whether the 
source of this material is reserve carbohydrates in twigs, trunk, or 
roots, or whether it is photosynthetic activity during the filling period, 
remains to be determined. There is no reason to suspect that a 
similar situation does not exist in the case of most of the protein con¬ 
tent of the kernel. At any rate the nitrogen portion of it is definitely 
shown to be brought into the fruit from the tree at the time of filling. 

It was interesting to note that the first samples in which dehiscence 
between the shuck and the shell was apparent (Oct. 3 for the Burkett 
variety and Sept. 26 for the Stuart variety) came at points on the 
curves where the accumulation of the protein and oil began to slow 
down. These are also the points where the rapid rise in sugar content 
of the kernel started. 

The very marked increase in ash retained in the shiu’k as compared 
with that found in the kernel during the filling period may be due 
merely to an accidental screening out of mineral constituents by the 
shuck from the relatively large volume of plant sap which must pass 
through it on the way to the kernel. But whether accidental or not-, 
such a large increase in mineral salts might conceivably have eflects 
on the colloidal state of shuck tissues sufficient to suggest a causative 
mechanism for the dehiscence between shuck and shell and along the 
parenchymatous rays of the shuck, which occurs at maturity. 
Whether or not the latter phenomena have any causal relationship to 
the filling process, so that studies with a view toward controlling them 
would be of practical importance, remains to be determined. 

The fact that the nonreducing sugar content of the pecan kernel was 
built up rapidly only after formation of the other constituents had 
almost stopped indicates that it is a storage form coming from the 
sugar entering the kernel in excess of that needed for synthesis of oil, 
protein, etc. Since no significant influx of sugar from the tree into 
the fruit was observed during the 2 weeks preceding harvest, and 
since there was a corresponding drop in sugar content of the shucks, 
it seems probable that most ot the sugar content of the mature kernel 
was the result ol translocation from the shuck during the later stages 
of maturity. 

Since the sugar content of the pecan contributes to its quality and 
flavor, the foregoing results have practical significance in showing 
that harvesting too early is detrimental, and that j)ossibly, from 
the quality standpoint, harvesting later than usual might be de¬ 
sirable. It is hoped that this point can be checked when the next 
season's crop becomes available. Evidence was not obtained to 
show’ whether or not a similar sugar increase would occur in nuts 
separated from the shuck. 

It must be considered also that, while the greater amount of oil w as 
svnthesized in the kernel several weeks before ordinary harvest time, 
the amount of oil formed in the kernels during the later period is of 
enough importance to make it inadvisable to harvest before the nuts 
are ready to fall from the shucks. A similar situation holds, perhaps 
to a lesser extent, for the protein content of the nut. 

The relatively short time during which the greater amounts of oil 
and protein were synthesized indicates a critical period in the fiUing 
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of nuts. It is probable that proper cultural practices immediately 
preceding and during this period may aid considerably in filling out a 
pecan crop when existing natural conditions happen to be unfavorable. 

SUMMARY AND CONCLUSIONS 

A thorough analytical study has been made of the physiological 
development of the pecan fruit and several of its parts from the time 
of flowering until the fruit is mature. 

The two varieties used, Stuart, of eastern origin, and Burkett, of 
western origin, but both grown in central Texas, gave very nearly 
identical results. 

A first period of growth from blossoming until late August or early 
September was characterized chiefly by formation of structural ele¬ 
ments of the shuck and the shell. During the second period filling of 
the kernel was of major importance. 

Most of the oil, protein, mineral, and acid-hydrolyzable polysac¬ 
charide content of the kernel developed during September. It is 
shown that practically all of the material from which oil is formed 
must be brought in from outside the fruit during the filling period. The 
same is probably true of protein also. 

Very nearly the whole sugar content of the kernel, which is almost 
exclusively in a nonreducing form, appeared during the first half of 
October. 

The data indicate that much of the sugar in the mature kernel may 
be a result of translocation from the shuck during the later stages of 
maturity. 

Harvesting pecans before they are ready to faU from the shucks 
would seem to be inadvisable from the viewpoint of the quality of the 
nut. 

A critical period in the filling of pecan nuts under central Texas 
conditions seems to occur during September. 
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A TETRAPLOID HYBRID OF MAIZE AND PERENNIAL 

TEOSINTE • 


By G. N. Collins, principal hotanisi, and A. E. Longley, associate hotanisiy 

Division of Genetics and BiophysicSy Bureau of Plant Industryy United States 

Department of Agriculture 

INTRODUCTION 

In a progeny of seven hybrid plants that resulted from pollinating 
waxy maize {Zea mays L.) with perennial teosinte {Euchlaena perennis 
Hitchc.) there appeared one plant with 40 chromosomes instead of 
the usual 30 chromosomes. The character of the plant and the 
behavior of its progeny compel the belief that this plant possessed 
two sets of maize chromosomes together with the two sets normal to 
perennial teosinte. This paper is a discussion of the contribution 
jnade by this plant and its progeny to an understanding of the synaptic 
attractions of homologous chromosomes in maize-teosinte hybrids. 

Annual teosinte {Knchlaena mejricami Schrad.) resembles maize in 
having 10 pairs of chromosomes. That each of the 10 teosinte chro¬ 
mosomes has its homologue in maize seems certain. The two forms 
are completely interfertile, and in Fi pollen mother cells meiosis is 
norxnal. Perennial teosinte {E, perennis) has 20 pairs of chromo¬ 
somes. It seems clear that perennial teosinte is tetraploid in nature, 
having two sets of 10 pairs of chromosomes homologous to those of 
the annual teosinte and maize. This follows from the fact that genes 
located in a number of the maize chromosomes have been show to 
have two allelomorphs in perennial teosinte {2)} 

Randolph’s (<*?) experiments give even more convincing evidence. 
From X-rayed material of annual teosinte he obtained a tetraploid 
that is practically indistinguishable from perennial teosinte. The Fi 
of crosses between perennial teosinte and xnaize are then in the nature 
of triploids, although it is certain that the maize and teosinte homo- 
logucs are not exact duplicates (/), and it seems not ixnprobable that 
there has been some differentiation of the duplicated chromosomes 
in Euchlaena perennis. 

The somatic colls of an Fi triploid plant have 3 xnore or less homo¬ 
logous chromosomes corresponding to each of the 10 haploid chromo¬ 
somes of xnaize. At xnciosis the norxnal procedure is for 2 of the 3 
chromosomes to synapse and separate into different cells, the third 
member going at random to one or the other of these two cells. 

Information regarding the siniilarity and differences of the duplicate 
chromosoxnes in perennial teosinte and the corresponding homologue 
in maize may be gained from the mating of chromosomes in the forma¬ 
tion of gametes when all three homologues are present, i. e., the two 
teosinte chromosomes may pair with each other or 1 of them may 
pair with the maize homologue. 

If the duplicate chromosomes in the perennial teosinte were exact 
homologues and differed from those of maize the two Euchlaena 
perennis chromosomes would be expected always to pair, leaving the 

» Received for publication Oct. 10, 1034; issued April 1935. 

> Reference is ma<le by nuinlier (italic) to Literature Cited, p. 133. 
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maize homologiie to be distributed at random. On the other hand, 
if all three homologues were similar or had equal synaptic attraction, 
random pairing would be expected. 

Present knowledge of the morphological characters of the chrouiq- 
somes of perennial teosiiite is too limited to identify the synaptic 
mates cytologically, but an indirect method of determining the nature 
of the pairings in Fi hybrids is afforded l)V introducing with maize 
the waxy gene of the ninth chromosome and then observing the ratios 
of pure recessive, pure dominant, and heterozygous gametes derived 
from such a cross. 

The gene for waxy endosperm (mr) is especially serviceable for 
measuring synaptic attractions bec^ause this gene is expressed in the 
pollen, thus making it possible to determine with any desired degree 
of accuracy the percentage of recessive male gametes. The procedure 
was to collect anthers about 1 day before pollen was shed, crush the 
pollen into a solution of iodine, and classify approximately 500 grains. 

In the usual crosses of perennial teosinte and maize which produce 
a triploid Fi the situation is complicated by the partial elimination 
of gametes with aneuploid chromosome numbers (7). In the ])ollen 
of a triploid Fj there are many sterile grains, and these have a low 
number of chromosomes, thus reducing the percentage of waxy 
grains in the surviving pollen. 

The fortunate occurrence of the tetrapoloid Fi plant in which 
there were two sets of maize chromosoines and little or no sterile 
pollen affords an opportunity to determine the synaptic attractions 
of chromosome 9 in a very simple manner. 

MEASURES OF AUTOSYNDESIS « 

The two homologues of chromosome 9 contributed by the KachUiemi 
perennis parent may be designated A"i and «nd the two from 
maize and x^. 

At meiosis the four homologues of chrojnosojue 9 juay ])air in three 
ways: ( 1 ) A'^i with A' 2 , and X 3 with ^* 4 ; ( 2 ) A"i with and A ’2 with ^* 4 ; 
(3) A"i with X 4 j and X 2 with x^. The first is autosyndetic and the 
second and third arc allosyndetic. Since paired chromosomes pass 
to different gametes the four kinds of gametes formed foliowng 
the first way of pairing will be A'l rg, X 2 ^ 4 , A"i ^ 4 , and A ^2 -^ 3 , ^11 geneti¬ 
cally similar; i. e., there will be four Xx gametes. The gametes fol¬ 
lowing the second way of pairing will be Xi X 2 , x^ X 4 , A"i X 4 , and X 2 
and those from the third will be A'l A" 2 , Xg ^ 4 , Xi rg, and .Y 2 'X 4 . The 
gametes following the second and third ways of pairing are geneti¬ 
cally similar and the combined result of the allosyndetic pairings will 
be 2 XXy 2 ajx, and 4 Xx. Thus, one-fourth of the gametes following 
allosyndesis will be recessive, whereas all of those following autosyn¬ 
desis will contain a dominant gene. With ecpial synaptic attraction— 
i. e., random pairing—two-thirds of all the gametes will have followed 
allosyndesis and one-third autosyndesis. Accordingly, one-fourth 
of two-thirds, or one-sixth of the total gametes will be recessive. 

With an increase in autosyndesis the percentage of recessive gametes 
decreases until with complete autosyndesis there will be no recessive 

3 Both the terms “autosyndesis" and “autosynapsis" have been used to designate synapsis inter se of 
like chromosomas. It would seem that the older term “synapsis" might have served in the new connec- 
tioHa and syndesis is used in this paper not because it is thought more appropriate but because it seems to 
conform with current usage. The term “ syndesis " was proposed by Hftcker (5, fi ). 
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jj;ainetes. With an increase of allosyndetic pairings the percentage of 
recessive gametes increases until with complete allosyndesis 25 per¬ 
cent of the gametes will be recessive. Where there is no differential 
elimination of gametes, therefore, the intensity of autosyndetic 
attraction is indicated by the extent to which the percentage of 
recessive gametes departs from the 16.7 percent of random pairing. 

The percentage of recessive gametes, however, is unsatisfactory 
as a means of comparing syndetic attractions. The distribution of 
percentages above and below the 16.7 is not sy^mmetrical, and the 
increase of autosyndetic pairing indicated by a given minus departure 
from 16.7 percent does not equal the increase in allosyndetic pairings 
indicated by a plus departure of the same amount. As an example, 
if aiitosyndesis is increased from random pairing to such an extent 
that the resulting autosyndetic gametes are doubled in number, the 
])ercentage of recessive gametes will be reduced from 16.7 to 12.5, 
a difference of 4.2 percent. If, however, allosyndesis is doubled, the 
recessive gametes will be 20 percent, a difference of only 3.3 percent. 

This skew’^ distribution of percentages may be transformed to a 
scale running from ~1 to 1, in which —Incomplete allosyndesis, 
()nrandom pairing, and Incomplete autosyndesis. Values on this 
scale may lie termed the ‘^coefficient of autosyndesis^^ and equal 
values above and below zero will represent eqiial percentage changes 
in allosyndetic and autosyndetic. pairings. This coefficient of auto¬ 
syndesis, which wdll be called f, is derived from the ratio of recessive 
gametes to all gametes, as follow^s: 

, 1-6t 

l-2j 

where .r -- the ratio of recessive gametes. 

Since x is the only variable, the significance of t should equal the 
significance of the departure of x from 16.7 percent or 

16.7-/ 

DESCRIPTION OF TETRAPLOID HYBRID 

The Fi hybrid that was found to have 40 chromosomes attracted 
attention while growing in the field because it was more cornlike than 
its sister Fi plants. It had a major culm, and the minor culms were 
much reduced in size, iiu^ usual triploid Fj shows very little differ¬ 
entiation of a major (Milm, and the few to many culms that develop 
the first year are of approximately ecpial size. Ahnost all the ears of 
the 40-chromosome Fj had 2 rows of double alicoles, an occasional ter¬ 
minal ear ha ving 4 rows of double alicoles. Normal Fi h^ybrids usually 
have ears with 2 rows of single alicoles and only occasionally an ear 

* If there Is no elimination of aneuploid sametes this formula is applicable to triploid as well as to tetra- 
ploid hybrids. Where the mean cliromosomo number of the gametes is other than one-half the somatic 
number of the parent the value of t still may be determined if t he mean number of chromosomes in effective 
gametes is known, a.s follows: 

T ..i - Iiercent w’axy fiollen 

1^, X -jgg , 

C««somat ic number of chromosomes of uarent plant, 
c»mean number of chromosomes in the gamete.s, 

r £zi£±12?- 

r-20 * 
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with 4 rows. The 40-chroniosoiiie plant showed only 2 percent poorly 
developed pollen, while normal Fi plants often have as high as 50 
percent defective pollen. The percentage of wx pollen was between 4 
and 5 , a percentage higher than any thus far found in Fj hybrids be¬ 
tween perennial teOvsinte and waxy maize. 

The fact that the Fi plant had 40 instead of the usual 30 chromo¬ 
somes, together with the habit of the plant and the more cornlike ears, 
suggested that it had 2 rather than 1 set of maize chromosomes in its 
complement. The various phases of the reduction divisions tended 
to confirm this view, since there was little or no indication of unpaired 
chromosomes and the distribution of the chromosomes to the daughter 
cells took place with only infrequent indications of irregularities. 

The most natural explanation of the presence of the 2 sets of 
maize chromosomes is that the maize parent contributed 2 sets of 
chromosomes or that 1 maize set had doubled after fertilization. 
These are the explanations suggested by Emerson and Beadle (8) in 
describing another tetraploid hybrid between perennial teosinte and 
maize. The description of their plant indicates that in general mor¬ 
phological characters it was very similar to the tetraploid hybrids 
under discussion. 

Chromosome studies of F 2 and F 3 generations continue to show very 
few irregularities in the reduction phases. In sojne plants the chromo¬ 
somes on the first metaphase plates show many tetravalent chromo¬ 
some groups; whether this is due to the association of 4 teosinte or 4 
maize chromosomes or simply to the association of both teosinte and 
maize chromosomes in a group of 4 is difficult to say, since in a certain 
proportion of the plants of later generations the 4 homologues will be 
either all teosinte or all maize. The regular distribution of the 
chromosomes to the daughter nuclei is not disturbed by the j)resence 
of tetravalent groups; it is usual to find anaphase figures that have 20 
chromosomes going to each pole, and consequently practically all 
pollen grains are euploid with 20 chromosomes. 


PROGENY OF TETRAPLOID HYBRID (F,) 


The plant with 40 chromosomes produced pollen having 4.6 ± 0.94 ^ 
percent of the grains waxy, giving a coefficient of autosyndesis of 
0.80±0.06. 

A plant with the composition Wx Wx wx wx would produce gametes 
with 0 , 1 , and 2 Wx genes, and when selfed there should be Fa indi¬ 
viduals with 0 , 1 , 2 , 3, and 4 Wx genes. 

If pollen and ovules behave alike the percentage of waxy pollen should 
make possible a prediction as to relative frequency of Fa plants with 

0 , 1 , 2 , 3 , and 4 HV genea. Where .._P5r5£5}5K±.^™S'_P«i!5H 

the expected frequencies would be: 

Number of Wx genes Expecten rattn plant char act eristics 


0 

1 2x il-2x) 

2 2x‘^^-{l-2x) 

3 2a;(l~2a;) 

4 x^ 


Waxy seed 

50 percent waxy pollen 
0-25 percent waxy pollen 

No waxy ]>ollen 


> Errors indicated by a ± sign are standard, not probable, errors. 
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Classification should be definite except for the class with three Wx 
genes. In the absence of irregular divisions, plants of this type 
should have no waxy pollen. Unequal divisions do occur, however, 
and their observed frequency indicates that about 0.5 percent of the 
gametes of a Wx Wx Wx wa: plant would be waxy. Accepting this 
ratio, the chance of any particular pollen grain being waxy is 0.005, and 
in samples of 500 grains 92 percent of the samples would have one or 
more waxy grains and would fall in the low-waxy group. With regard 
to the upper limit, assuming the same probability of 0.005, about 90 
percent oi the samples from Wa: Wx Wxwx plants would have less than 
5 waxy grains, and would be listed as having less than 1 percent waxy 
pollen. For purposes of comparison, therefore, plants with less than 1 
percent waxy pollen have been classed as Wx Wx Wx wx. There was 
no evidence of bimodality either in the F 2 or F 3 progenies, but in F 3 
progenies from selfed Wx wx wx wx F 2 plants where there was no op¬ 
portunity to produce Wx Wx Wx wx plants the lowest percentage 
was 4. 

The tetraploid Fj plant was self-pollinated and produced 276 seeds, 
1 of which was waxy. The expected number of waxy seeds was 0.6. 

DISTRIBUTION OF Fj PLANTS 

Fifty-six F 2 plants were grown, and approximately 500 pollen 
grains of each were classified by staining with iodine. The results 
are riven under the column heading F 2 of table 1 . 

The 5 plants in the group approximating 50 percent waxy pollen 
are sharply differentiated from those with smaller percentages and 
undoubtedly are plants with one Wx gene. The one plant with no 
waxy pollen showed by the subsequent behavior of its progeny that 
it was homozygous Wx. The only uncertainty regarding the genetic 
composition of the plants is that of separating those with three Wx 
genes from those with two. The number of plants in the several 
groups is in good agreement with the expected. 

DISTRIBUTION OF F, PLANTS 

Nine F 3 progenies were grown in 1933 from non waxy seed of F 2 
plants. Two progenies were from selfed plants with 50 percent waxy 
pollen (Wx wx wx wx), 4 were from selfed plants with a low percentage 
of waxy pollen (Wx Wx wx wx), and 3 were from crosses between the 
two groups (liar Wx wx wxX Wx wx wx wx). 

A total of 435 F 3 plants were grown and the pollen grains of each 
were classified. With one e.xception the plants, like those of the F 2 , 
fell into two well-defined groups with respect to percentage of waxy 
pollen. The single exception was a plant with 31.4 percent of wa^ 
pollen in progeny C3. This progeny was the result of selling an F 2 
plant with 51.3 percent of waxy pollen. The aberrant plant had 40 
chromosomes and there was no indication of cytological insularities. 
Until the d^cendants of this plant are grown no explanation can be 
oflOTed for its unexpected percentage of waxy pollen; the plant is 
omitted from the tabulations. 

The results are given in table 1 under the column heading F3. 
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Ta-BLE 1. —Distribution of 'percentage of waxy pollen in F% and Fz plants 


Genetic group and 
percentage of waxy 
pollen (class value) 

F .1 plants of indicated parentage 

F 2 

plants 

Progenies (upper) and 
percentages of waxy 
pollen (lowerl of Wx 
Wx wx M’j-Xself 

Progenies (up¬ 
per) and per¬ 
centages of 
waxy pollen 
(lower) of Wx 
wx wx M'jXself 

Progenies (upper) and per¬ 
centages of waxy iwllen 
(lower) of Wx wx wx wx X 
Wx Wx wx wx 

02 

7.9 

c, 

11 2 

O 7 

40 

o« 

1 5 

Oi 

50 9 

Ci 

51 3 

O 4 

51 3X7 9 

Cg 

4 0-X.50 9 

Cio 

1 5X50 9 


Num- 

Nuvi- 

Num- 

Num- 






Num- 

Wx Wx Wx Wx Wx: 

ber 

ber 

ber 

ber 

Number 

Number 

Number 

iVurnber 

Number 

ber 

0 ..- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Wx Wx Wx wx: 











0.1-0.9.. 

3 

1 

4 

2 

0 

0 

1 

0 

2 

2 

Wx Wx wx wx: 











1 0 - 1 . 0 . 

6 

2 

8 

1 





1 

4 

2.0-2.9. 

6 

3 

14 





1 

2 

8 

a.o-a.o-.. - 

15 

5 

15 

9 




1 


7 

4 0-4.9-_ 

9 

6 

12 

13 

.3 

. 


4 

1 

8 

5 0-5 9.. 

0 

6 

7 

6 

1 

4 

3 

2 

2 

6 

0.0-6 9. 

1 

3 

4 

4 

2 

2 

3 

4 

2 , 

2 

7.0-7 9. 

2 

6 

1 

0 

2 

1 

1 

2 

0 

5 

8 0-8.9.. 

1 

6 

1 

1 

1 

3 

4 


4 

2 

9.0-9.9 . . - 

4 

3 

1 

2 

1 

0 

3 


3 

3 

10 0-10 9 . .. 

3 

4 

0 


0 

1 

0 

. . 

1 

1 

11 . 0-11 9. 


4 

1 


0 

1 

0 


1 

1 

12.0-12 9- - - 


0 



1 

0 

4 




13 0-13 9. 


0 



1 

0 

3 




14.0-14 9. 


1 




0 





15 0-16,9. 


1 




1 





10.0-16.9. 


1 








1 












Plants—number_ 

46 

49 

64 

43 

12 

13 

21 

15 

20 

48 

Mean waxy pol¬ 











len—percent— 

4 7 

7.2 

4 0 

4 5 

7 6 

8 1 

9 4 

5 9 

6 5 

5.2 

Observed <r. 

2.7 

3.6 

2.0 

1 8 

3 0 i 

2 8 

2 9 

2 3 

3 0 

3 1 

(TM----- 

11.1 

13 7 

10 3 

10 8 

14.3 

14 8 

16 1 

12.6 

13.2 

11.7 

Exi)ected <r.—. 

.95 

1 16 

.88 

93 

1 19 

1 22 

1 31 

1,06 

1.10 

.99 

Wx wx wx WX' 











44.0. 








1 



45.0.. 








0 

*1 


46.0... 








0 

1 


47 0.. 






- 


2 

1 


48.0. 






4 

2 

0 

0 


49.0__ 



1 

2 

3 

8 

4 

3 

1 


60 0 . 


-- 

0 

0 

9 

7 

6 

1 

2 

2 

51 0.— - . 


0 

0 

3 

3 

6 

2 

2 

1 

1 

52 0... 

. 

2 

1 

1 

2 

5 

5 

3 


1 

53 0.- - . 


0 

0 

1 

3 


6 

1 


1 

64.0. 


0 

1 


2 

1 

1 

1 



65 0. 


1 

1 


2 

1 


1 



56.0-.-. 


0 



2 






57.0.. ... . 


1 





1 




68.0 .. 











59.0-..— 











60.0. 

. 




— 

— 

' r" 

. 

. 


Plants number 

0 

8 

4 

7 

26 

43 

28 

15 

7 

5 

Mean waxy pol¬ 











len—percent— 


52 5 

53.0 

51.4 

52. 2 

50.9 

.52. 2 

5.08 

48.8 

51 7 

Observed tr._,_ 


2,7 

2 6 

1 .5 

2 2 

2 1 

2 7 

2. 9 

2 3 

1 3 

Expected a . 


2.2 

2 2 

1 

2*2 

2 2 

2.2 

2.2 

2 ! 2 

2 2 

2.2 


In some progenies the number of plants in the several genetic 
groups depart rather widely from the expected, but the totals are in 
fair agreement. 

The number of plants classified as having throe Wx genes is low, 
which may indicate that sojne of the plants with more than 1 percent 
of waxy pollen should have been placed in this group. 











































































Jan ifi, 1935 


Tetraploid Hybrid of Alaizf and Perennial Teosinte 129 

PERCENTAGE OF WAXY POLLEN IN AND F 3 

The percentage of waxy pollen in individual plants having the 
composition HV w.r wx wx was u close approximation to the expected 
50 percent. The progeny means, ranging from 48.8 to 53.0 percent 
in some instances, deviated significantly from 50 percent, but the 
departures are no greater than are commonly observed in maize 
hybrids. Plants having the composition H'j: wx wx ranged from 
1.1 to 10.0 percent waxy pollen. Progeny means ranged from 4.0 
to 9.4 percent, many of the differences being of undoubted significance. 
The values are given in table 1 . 

COEFFICIENT OF AUTOSYNDESIS 

The percentage of waxy ])ollen of any plant with two Wx genes 
afforcis a jiieasure of autosyndesis in that plant. Of this type there 
were, in addition to the F, individual, 48 Fj and 283 F 3 plants. In 
the Fi the cneflicient of autosyndesis t^0.80. The mean value of t 
in the Fj was 0.77±0.03. In the entire population of F 3 progenies 
the jnean value of t was 0.74 i 0.05. The slight evidence of a decrease 
in t is insignificant. 

'Phe 2S3 F.i ])lants w(u*(‘ in 9 progenies. Two of these progenies 
were tin' result of selling F 2 plants with approximately 50 percent 
waxy pollen, 4 resulted from selling Fo plants with a low percentage 
of waxy pollen, and 3 were from crosses between plants with a low 
])ercentage of waxy pollen and plants with approximately 50 percent 
waxy pollen. 

The mean values of t in these three groups were as follows: 

Slnndttrd 

l*nrtn(fi t error 

50 |)('rc(Mit_ _ . _ 0.63 0.05 

Low )M*rc(‘nt ^ self .78 .05 

50 pt'rccntlow . .65 . OS 

Again the dilferem'es are insignificant, the differences between the 
extremes b(»ing only 2.10 times the standard error of the difference. 
It should perhaps lx* noted that the order of the coefficients is that 
exfjected if crossing-over, which may have occurred in the Fi and ¥ 2 , 
were a factor in reducing autosyndesis. 

VARIATION IN COEFFICIENT OF AUTOSYNDESIS 

One of the most striking things brought out in table 1 is the 
greatei’ variability of the ])ercentage of waxy pollen in plants with 
two ir.r genes than in plants \dth one Wx, The magnitude of this 
dilTerence is not apparent in the standard deviations of the arrays, 
the true difference being obscured by the fact that the expected 
random variation due to errors of sampling decreases as the mean 
ratio departs from 0.5 or 50 percent. The standard deviations may 
be made comparable by jnultipl.ving each standard deviation by the 

factor where ai^ q~ 1 —p. Standard deviations 

V/Jf/ 100 

thus corrected to a base of 50 percent are designated in table 1 . 
For the plants with one ir.r the mean values are so close to 50 percent 
that the correction is negligible. A comparison of these corrected 
values shows the standard deviation of the plants with two H> genes 
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to be from 4 to 9 times that of plants in the same progeny with 
one Wx. 

The same difference is apparent if the observed standard devia¬ 
tions are compared with their respective errors. In every progen^y 
the standard deviation of plants with one Wx was a close approxi¬ 
mation to the 2.2 percent expected as a result of sampling errors in 
samples of 500. In the plants with two Wx genes the observed 
standard deviation is significantly greater than the expected in every 
progeny. 

A general comparison of the variability of plants having one Wx 
gene with the variability of those having two Wx genes can be made by 
analyzing the total variance of the entire population of F 3 plants. 
Snedecor (t9) describes the analysis of variance as ‘^a technicpie for 
segregating from comparable groups of data the variation traceable 
to specified sources. 

As applied to the present data the analysis of variance combines 
all the classified pollen grains from F 3 plants in each of the genetic 
groups into a single population and segregates the total variance into 
the portions contributed by tlie several subdivisions. The total 

the times the of the 


variance is pq i. e. 


entire population times the total number of ])ollen grains. A i)()rtion 
of this total variance will bo accounted for by the pq N of the indi¬ 
vidual plants, another portion will be due to departures of the per¬ 
centage of waxy j)ollen of individual plants from tlie mean of the 
progeny in which they occur, still another portion will be due to 
departure of the progeny means from the mean of the type of cross -- 
i. e., 1 Wx by self, 2 Wx by self, and 1 Wx by 2 MV—and lastly there 
will be a portion due to departures of means of the three types of 
crosses from the general mean. If these several divisions constituted 
merely random samples from a homogeneous population, the mean 
square would be essentially the same for all the divisions. The 
values of mean-square diirerences required for significance are given 
in a table at the end of Snedecor's work (9) and by Fisher (4). 

All sums of squares have been divided by 500, which, without, 
changing the relative values, reduces the mean squaj*es to the basis 
of the variance of means of plants in the progeny. 

The analysis of variance of all the F 3 plants of the composition 
Wx wx wx wx and Wx lF.r wx wx is shown in table 2 . 


Table 2. —Analysita of variance of all F 3 plants of the composition Wx wx wx wx and 

Wx Wx wx wx 


Genetic composition and source of variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

Wx wx wx wx: 




Types of parental cross .,. ... ., . . . . _ . ___ 

2 

id 

7.5 

Progenies in type__ _ _ 

5 

135 

27.0 

Plants in progeny... - -- 

131 

729 

.5.6 

Pollen in plant.. . . , 

69,361 

346,467 

6 0 

Wx Wx wx wx 

Among means of tyiws of parental cross. ... 

2 

366 

183 

Prog€nie.s in type.— . . . 

6 

452 

75 

Plants in progeny. - 

274 

1,937 

7.1 

Pollen in plant..... 

141,217 

138,311 

.98 
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In the plants with one Wx the mean-square values are practicalljy' 
alike except the value for the means of progenies. This value is 
significantly larger than the mean square of plants in the progeny or of 
pollen in individual plants. The probability is somewhat less than 
0.01 in both cases. 

In plants with two Wx genes the variation among types of the paren¬ 
tal cross is the only class that does not show a significant difference 
in comparison with other sources of variation. 

The point of interest in connection with variation in autosyndesis 
is that in the plants with one M x gene (where there is no oppor¬ 
tunity for autosyndetic attractions to operate) variation of plants 
from the mean of the progeny is no greater than that expected from 
sampling errors, whereas in the plants with two Wx genes the variance 
of plants from the mean of the progeny is over seven times the ex¬ 
pected. 

The variation in the percentage of waxy pollen might result from 
a differential survival of the waxy pollen before the pollen was classi¬ 
fied, but if so the same differentiation would be expected in the plants 
with one Wx gene and it seems more reasonable to associate the varia¬ 
tion with variation in autosyndesis. 

There is evidence that the tendency toward autosyndesis is in¬ 
herited. The four Fa progenies of the 2-W x-by-self type of cross 
have a j)arent-ofl‘spring correlation of 0.82 between the mean per¬ 
centage of waxy pollen of the parent plants and the mean percentage 
of the progenies. As this value is based on but four pairs it is not 
significant, but since the values for the offspring are the means of 
50 or more plants the standard error must be somew^hat less than the 
indicated value of 0.18. 

SEED CLASSES 

The Fa plants that provided the material for estimating the ratio 
of autosyndesis to allosyndesis in the formation of pollen were polli¬ 
nated with pollen from pure waxy plants. The seed thus produced 
provided juaterial for cojnparing the behavior of the ovules with that 
of the pollen. The number of seeds obtained from individual plants 
was too small—few plants produced jnore than 100 seeds—to uistify 
t he kind of analysis used with the pollen. The numbers are sufficient 
however, to supplement some of the conclusions based on the pollen 
counts. About 270 Fg plants of which the pollen was counted pro¬ 
duced seed. In no plant was there a disagreement regarding the indi¬ 
cated genetic constitution. Classified on the percentage of waxy 
seed the plants fell into two groups, one approximating 50 percent 
and the other having a low percentage; these groups corresponded to 
those based on the pollen classification. 

Rather critical evidence that the variation in the percentage of 
waxy in the low-percentage group is caused by variation in autosyn¬ 
desis is provided by the correlations between the percentage of waxy 
pollen and the percentage of waxy ovules of the same plant. If varia¬ 
tion in the percentage of waxy is the result of differences in the coeffi¬ 
cient of autosyndesis, variations in syndetic attraction might be 
expected to affect pollen and ovules alike and there should be a posi¬ 
tive correlation between the percentage of waxy pollen and the per¬ 
centage of waxy ovules in the low-^>ercentage group. In the 50-per- 
cent group, where one-half of all pairings must be between mates and 
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one-half between noninates, the variations in percentage of waxy are 
assumed to be due to sampling errors and there should be no correla¬ 
tion between pollen and ovules. In 64 plants in the low-percentage 
group with a total of 7,106 seeds, the total correlation was 0.36; that 
between the means of the 8 progenies, 0.72; and that within the 
progenies, 0.27. The total correlation is undoubtedly significant 
(P=0.0016). The interprogeny and intraprogeny coefficients have 
each a probability of 0 . 02 . Although the numbers are small the 
interprogeny correlation indicates that the tendency to autosyndesis 
is inherited. 

In the 50-percent group there were 93 plants with 8,228 seeds. 
The correlation coefficients (total, —0.065; between means, 0.015; 
within progenies, —0.071) were as near zero as could be expected. 

SUMMARY 

The occurrence of a, tetraploid ]>lant among Fi hybrids between 
perennial teosinte {Euchlaena perejitiis Hitchc.) and waxy maize (Zer/ 
mays L.) is reported. 

The tetraploid plant was more maizelike in its morphological char¬ 
acters than the usual triploid hybrids of the same parentage. The 40 
chromosomes of the somatic tissue of the tetraploid plant are believed 
to be made up of 20 from the perennial teosinte, the normal haploid 
number, and 2 sets of maize chromosomes. 

Meiosis was regular and there were very few sterile pollen grains. 

At meiosis the pairing may be of two types: ( 1 ) The teosinte chro¬ 
mosomes may pair with each other and tne maize chromosomes do 
likewise, which is autosyndesis, or ( 2 ) the teosinte and maize homo- 
logues jnay pair, which is allosyndesis. The relative frequency of 
these two types of pairing may be measured by the percentage of 
gametes carrying the recessive gene wi introduced with the maize 
parent. 

A formula is given for calculating the coefficient of autosyndesis, 
which transforms the skew^ distribution of percentages into a. symmet¬ 
rical distribution. With this measure, called t, complete autosyndesis 
is represented by 1 , random pairing by 0 , and complete allosyndesis 
by - 1 . 

The F 2 and F 3 progenies produced plants with 0 , 1 , 2 , 3, or 4 domi¬ 
nant Wx genes in approximately the expected ratios, indicating a 
similarity in the behavior of pollen and ovules. 

In the Fi plant ^==0.80. The xnean value of t in F 2 was 0.77. Nine 
Fa progenies showed means ranging from 0.54 to 0.82. 

The percentage of waxy pollen in F 2 and F 3 plants with two domi¬ 
nant Wx genes was much more variable than in plants with one Wx. 

The greater variability in the percentage of waxy pollen grains in 
plants with two Wx genes as compared with those with one Wx is 
ascribed to individual variations in autosyndetic attraction. 

In plants with one where there was no possibility of variation 
in the ratio of autosyndetic pairings, the observed intraprogeny 
variability of percentage of waxy pollen could all be attributed to 
sampling errors. In plants with two Wx genes, where variations in 
autosysdesis would change the percentage of waxy pollen, the varia¬ 
tion could not be ascribed to chance. 
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Correlations between the percentage of waxy pollen and the per¬ 
centage of waxy ovules gave supporting evidence of variation in the 
coefficient of autosyndesis. Jn the plants with one Wx gene there was 
no correlation, while in the plants with two Wx genes the correlation 
was significant. 

There is fairly good evidence that the variations in autosyndesis 
are inherited. 
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DICTYOSTELIUM DISCOIDEUM, A NEW SPECIES OF 
SLIME MOLD FROM DECAYING FOREST LEAVES^ 


By Kenneth B. Raper 2 

Junior mycologisty Division of Soil Microbiology, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

III the course of studies made in this laboratory on the amoeboid 
population of soil and decaying vegetable matter, myxamoebae in 
large numbers have been regularly encountered. Thom and Raper 
(8) reported that the amoeboid stage of some Myxomycetes formed a 
normal part of the microbiologi(‘al population of field soil and decom¬ 
posing crop residues, and could readily be isolated and grown in 
artificial culture. Following this, Raper and Thom (6) studied the 
distribution of the Acrasieae in soil and reported Dictyostelium as a 
common component of the soil population from widely scattered 
areas and from many types of soil, wliile Polysphondylium was re¬ 
peatedly isolated from vegetable remains, particularly forest litter, 
and occasionally from soil. 

These results were in close agreement with earlier work by Krze- 
mieniewski (S) and extended her observations in this field. It was 
reported previously (6') that the vast majority of cultures of Dicty- 
ostelivTri isolated apparently belonged to the single species I), rnveo- 
roides Bref. Continued studies and isolations since that time have 
shown an equally large proportion belonging to that species and 
supj)ort tlje writer's earlier findings. However, not all cultures 
isolated could be identified with I), mucoroides. A form closely 
agreeing with the description of L), aphaerocephalum (Oud.) Sacc. 
and March., as given by Olive (4) in his comprehensive study of the 
group, has been occasionally obtained from decaying forest litter. 
I), purpurenm Olive has been isolated once, from decaying sphagnum. 
Still another form has been isolated that does not agree with the 
description of any published species and differs fundamentally in 
some respects from the other members of the genus. It has seemed 
desirable, therefore, to describe it as a new species, to review briefly 
its life cycle, and to discuss at some length the formation and behavior 
of certain structures not seen in other species. 

TECHNICAL DESCRIPTION 
Dictyostelium discoideum, n. sp. 

Soris grisco-albis vel citrinis, rotundatis, apiculatis, plerumcjue 125m~300m 
diaiii.; sorophoris griseo-albis, ex discis expansis oriundis, basi rigidie, ad apicem 
tenuibus, ilexuosis aitenuatis, 1.5-3 miii altis; discis basilaribus celiularibus, 
coiiicis, bases sorophororum circumvalleutibus et sustentantibus, 150^-400/* 
diam.; sporis anguste ellipticis, hyalinis, 6^-9^ X 2.5 m-*3.5m. 

‘ Received tor publication Nov 19, 1934; issued April 1935 

* The writer is indebted to Charles Thom, Division of Soil Microbiology, for valuable counsel and crlt« 
iclsm regarding the work, and to Edith K. Cash, Division of Mycology and Disease Survey, for preparing 
the Latin diagnosis. 

® Reference is made by number (italic) to Literature Cited, p. 147. 
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Hab. ill foliis putroscentibiis in silva decidua, North Carolina. 

Colonics grown on hay and dung agar; sori grayish white to pale lemon yellow, 
rounded, ajhculate, commonly 125m 300m in diameter, with larger and smaller 
specimens frecpient; soro[)hores grayish white, arising from (*\paiuled disklike 
bases, upright, rigid below, 30 m-80m in diameter, tapering to thin fic'xuous above, 
5m-15m in diameter, 1.5 3 mm high, less commonly longtn* or shorter; basal disks 
cellular, conical, surrounding and supporting basi‘s of sorophorcs, 150m 400m in 
diameter; sjiores narrowly elliptical, hyaline, Om Om by 2.5m 3.5m. 

Isolated from decaying leaves from deciduous forest. North Carolina. 

One of tlie most striking: charneters of this species, wliieh is only 
sug:geste(l in tlie mature soroearp by a trail of slime lending: away from 
the base, is the peculiar behavior of the ])seu(loplasmo(lium. In 
other described species of Dictgostdiu/n, three of which, D- mucomidcs, 
I), t^phaerocephalum, and />. purpureum^ the writer has studied in 
culture, the fruiting; stalk is ])roduced from the point where the 
myxamoebae cong:reg:ate. In this species the myxamoebae come 
tog:ether to form an ag:g:reg:ate, or pseudoplasmodium, as in the other 
and more common forms, but in the ordinary laboratory culture, 
instead of developing: into a sorocarp immediately, the myxamoebae 
compact themselves togrethcr to form an elong:at(Hl cylindrical mass 
wdiich moves as a unit across the ag:ar f)late for a g:r('ater or less dis¬ 
tance before pausing; to complete its cycle of development. The 
formation, structure, and behavior of this “mig:ration pseudoplas¬ 
modium will be considered in greater detail later. 

ISOLATION AND CULTURE 

D'ictj/ostelium di^scoideum was isolated from decaying l('av('s col¬ 
lected in a hardwood forest of the North (\n’olina mountains in the 
summer of 1933. Tlie dominant trees were beech, birch, oak, and 
buckeye, and the sample consisted largely of the partially decom])osed 
leaves of these trees, togetlu'r with some weed residues. The sample 
hud a pH of 4.05. 

In isolating the organism, culture methods similar to those reported 
by Raper and Thom (6') were used. The sample was ground in a. 
clean mortar with apiu’oximately 5 ])arts of stfU’ih' water, and the re¬ 
sulting suspension was streaked u])on mannite agar plates. The 
plates were incubated for 3 weeks at 18° to 20° C. At the end of this 
time spores from sori uncontaminated by fungi were transferred to 

* FollowiiiK Zopf’i. use of tho teriiih “sorus” ft)r the spor.' inuss und “.'f)r(»pln*H''’ foi lln* support iiiu stiuc- 
tiiro, or slalk, Harper (?) iiitroduood the toriii “sorocarp” lo include the whole fruilmjr ‘'huclure 


KXPL\N \TOKY I.KOKND F()K I’LM K 1 

A --Mature sorocarri pholo>,uaphed fiojii Ihc sale, showing the typical lemon shaperj -sorijs. Iheciect, 
evenly tapered sorophore, and the cvpandod basal disk X lA 

R—Spores. X tHK) 

f’.--Vegetative myxamoebae growing in a bacterial colonj. killed and stained with rose bengale and 
photographed in situ on the culture plate X 2.')0 

D —Vegetative myxamoebae stained as m C’aml jihotogiaphed in higher inagnifli-at ion, showing bacterial 
cells in the .surrounding medium. X WK) 

E —Early stage m the orientation and aggregation of myxamoebue to lorni a pseiidoplasmodial stienin 
I n the lower part of the pature but little orientation of the mwamoebae is evident and aggregation is just 
beginning, while above a definite stream is already formed X 2r)() 

F - A slightly later aggregat Ion stage, but one in w inch the myxamoebae remain in a single layei d'heit 
elongate Limax form and lather uniform orientation are .shown Mo\ement is toward the top «5f the iihoto- 
graph. X 250. 

O. ~ A somewhat latei stage in aggregation of the m>\ainoebae, whiih heie liaxe become comiiacteil to¬ 
gether to form a ropolike structure X 250. 

H. -Entire jiseudoiila.smodium with streams of myxamoebae radiating m all directions from the aggre¬ 
gation center shown as an irregular darkened area Note that the streams can be traced directly to regions 
of heavy bacterial growdh, which apiieai as darker areas in the iiiiotograph X 15 

7.—Somewhat later stage of aggregation, showing a large pseudopla.smodium surrounding a smaller one 
In an earlier .stage the entire colony wa.s (lowing toward a common center, upper right, then for some reason 
a main stream wa.s severed, and as a result two fruiting masses w ill dexelop x 15. 
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fresh plates of hay- and of dung-infusion agar adjusted to a pH of 6.0. 
The organism has been grown continuously upon these media and in 
Petri-dish cultures since that time. Transfers liave been made at 
intervals of 2 to 8 weeks, jilthough it is not necessary to transfer so 
fro(juently to maintain the stock culture. Cultures have been grown 
for the most part in a dark incubator at a temperature of 18° to 20°. 

In photographing and in measuring the dimensions of myxarnoebae 
and in studying their relation to one another in the pseudoplasmodium 
it is essential to disturb the organisms as little as possible. It is 
j)arti(*ularly difficult to obtain and to maintain a true picture of them 
as they naturally occur in culture. If they are transferred to slides 
they change shape and position during the process, and if they are ob¬ 
served on the agar plate the concentration of light and heat when high 
powers are used induces the same changes. To obviate these diffi¬ 
culties as far as possible, photographs and measurements of myxamoe- 
bae have been made of specimens killed and stained in situ with rose 
bengale \ This preparation kills the organisms immediately and stains 
them a darker red than the underlying medium, so that they stand 
out clearly and their actual form and position, as they occur in culture, 
are preseryed. However, the stain has a decided disadvantage in 
that it stains the whole organism indiscriminately and does not per¬ 
mit cytological study. Only the figures shown in plate 1, C to G, 
are photographs of myxarnoebae thus killed and stained in situ; other 
photograpljs are of unstained, living material. All the photographs 
were made with a Leitz Makam camera. 

VKGKTATIVE STAGE 

When large numbers of spores (pi. 1, B) are planted upon fresh 
dung- or hay-infusion agar plates, germination begins within the first 
day and continues for 2 or 8 days thereafter. It is characterized by a 
swelling of the spore contents and a longitudinal splitting of the spore 
case!, from which the ])rotoplast emerges as a myxamoeba. The 
process is similar to that in Dictyosteltum mucoroides and agrees closely 
with Olive’s figuivs {4^ pL 4^i 4^)- 

In the vegetative stage following germination, the myxamoebas are 
(luite hyaline and finely granular, and show little differentiation into 
endoplasmic and ectoplasmic regions. They are uninucleate and 

()nc‘-in*r('enl rose bennale. or (‘r.\ throsin, in 5-peroent .solution, to which is added a trace of calcium 
chloride 


KXCLVNVTOH^ LKOKM) FOK CLVTKlf 

.1 \ pseudoplasnuHliuni in approMinatelx 1 he same .stage of dp\elopinent as that slumii m plate I, /, 

uith streams of niyxamoehae leading in from the hacteiial streaks on either side of the aggregation center 
X 1.*) 

B - \ migrating pseudo|)lusniodiimi leaxing a bacterial colony X 50 

(’ Migrating pseudopla.sino<IiiiiTi 1'he transverse line in the anterior end marks the iMiint of contact 
with the agar surface. X 50 

I) Migrating iiseudoplastnodium with a shine streak marking its former path Another .slime streak 
cuts diagonally acro.ss the lower right-hand c'orner of the photogiaph X 50 
Side MOW' of a p.seu(ioplasmodiuiii just before it emses migration. X 50 
^ J’Y Side view of a p.semloplasmodium in which movement has cea.spd and sorocarp formation is beginning. 

O. - Similar .stage ol development as that shown m h\ Init viewed from above X 50 

II Karly stage m formation of the .sorocarj) Miuss of myxarnoebae becoming divided into S|H)re- and 
soroiihore-forming regions X 50 

I, J. -Succe.ssi\e stages, showing the sorogenic iiia.ss ascending the sorophore as it develops X 50. 

K Still later stage, showing a vvell-formed apical papilla in vv Inch active soiophore formation is taking 
place X iUi 

I^ -Mature sorocarp. X 10. 
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regularly possesti a single contractile vacuole, which occupies a pos¬ 
terior position in the cell. Food vacuoles and vacuoles surrounding 
foreign bodies are often clearly evident. 

In shape the luyxamoebae vary widely. They are not infrequently 
elongate or of irregular shape, owing to the presence of extended 
pseudopods, but are more commonly rounded or broadly triangular. 
Plate I, C and Zl, illustrates clearljr this condition. The photographs 
are of myxanioebae killed and stained with rose bengale and photo¬ 
graphed in situ on the agar plate, and thus faithfully show them as 
they appear when actively vegetating. In hanging-drop cultures, 
the myxamoebae are more irregular in outline and fre(|uently show few 
to many thin, finely pointed pseiidopods, ])ar(icularly in the anterior 
region, in size the vegetative myxamoebae vary from 12ju to 2(V by 
8 /x to 12ju, with the majority about 14/i to 10^ by 9 m to 1 Im- Measure¬ 
ments in such amoeboids are subject to rapid change with variations 
in shape, however, and cannot be relied upon with the same con¬ 
fidence as measurements of spores and other delinite walled structures. 
It is obvious that an amoeba, while remaining constant in volume, 
would show, when flattened and actively moving, entirely different 
dimensions from those it would show when rounded and relatively 
quiescent. 

The present studies add little to the controversial subject of the 
nutrition of myxamoebae. The vegetative myxamoebae of Dictyo- 
stelium discoideum reach their maximum development in bacterial 
colonies, outside the limits of which they occur as scattered individuals 
only. The writer has not yet been able to determine satisfactorily 
whether the greater amount of moisture in the bacterial colonies in¬ 
duces the concentration of the myxamoebae there, or whether the 
myxamoebae feed upon the products of bacterial metabolism or 
utilize substances in the substratum set free by bacterial activity, or 
whether they feed directly upon the bacterial cells. It is not uncom¬ 
mon to see myxamoebae with vacuoles enclosing bacteria, but to 
determine whether the bacteria are undergoing digestion or are merely 
present as so much inert material, as Olive (4) has indicated, is quite 
another matter. Pinoy (5), working with I), viucoroideii and D, 
purpureuTUf and later Skupienski (7), working with the former species 
only, have reported the presence of bacteria as essential to the growth 
of these species. Pinoy considered the myxamoebae as parasitizing 
the bacterial colonies, while Skupienski believed that a symbiotic re¬ 
lation exists. Just what the relation is between the two in D, dis- 
coideum the writer is not prepared to say; certainly the myxamoebae 
of this species are not hindered in any way by the presence of a fair 
growth of ^'contaminating^' bacteria. 

Under favorable culture conditions the vegetative stage, that is, the 
period from spore germination to the beginning of pseudoplasmodium 
formation, lasts several days, and during that time the myxamoebae 
increase tremendously in number. The first pseudoplasmodia appear 
in 3 to 4 days, and others continue to develop for a similar period. 
The two stages, vegetative and fructifying, are thus seen to proceed 
simultaneously for a time in the same culture. Cell division of the 
vegetating myxamoebae of this species has not been studied. 
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AGGREGATION STAGE 

Following a vegetative period, tlie inyxaiiioebae eongregate toward 
definite venters and form aggregations preparatory to fruiting. The 
pro(‘ess here agrees so closely with that in other Dictyostelia to which 
Harper (^) and Olive (4) have given such detailed study that it is 
only necessary to discuss it briefly. The first evidence of aggregation 
IS the appearance of certain areas of closely packed inyxamoebae. The 
stimuli involved in this aggregation have never been determined, but 
these strategically placed individuals apparently exert some stimulus 
which reaches myxamoebae in the surrounding area and causes them 
to become elongated and oriented in the direction of these centers and 
to flow toward them. Gradually the orientation proceeds outward 
and the colony of aggregating myxamoebae takes the form of definite 
streams converging toward definite centeis. Plate 1, E to G, shows 
different stages in tJiis process. 

The formation of a ])seudoplasmodial stream is shown first by the 
orientation and aggregation of scattered myxamoebae (pi. 1, E). Jn 
the outer edges of the area involved they appear only slightly different 
from vegetative forms and show' little orientation, whereas toward the 
center of the developing aggregate the orientation is much more pro- 
nouiiced, the myxamoebae are crowded together, and the pseudoplas- 
modial stream is an accomplished fact. Plate 1, jF, shows a slightly 
later stage, in which the myxamoebae are definitely out of the vegeta¬ 
tive condition and are actively moving tow ard the aggregation centers. 
However, they are not compacted together to any particular degree 
and still remain in a single layer on the agar surface. The degree of 
elongation of the aggregating myxamoebae is shown here. In higher 
magnifications they are clearly differentiated into endoplasmic and 
ectoplasmic areas, the latter occupying a broad band at the anterior 
end of the myxamoebae. As the stream becomes slightly older, the 
myxamoebae are interlocked and overlap to such a degree as to form 
a compact ropelike mass (pi. 1, G). 

The three photographs (pi. 1, E-G)j although not of the same 
stream nor even of the same aggregate, are fairly typical of succes¬ 
sive stages in the orientation of the myxamoebae and the formation 
of the pseudoplasmodium, and at the same time fairly represent sec¬ 
tions of the stream successively nearer the aggregation center. All 
three photographs were made near the tips of streams, as it was quite 
impossible to photograph the larger streams near the centers and 
show^ details of individual myxamoebae. 

Plate 1, II and /, and plate 2, show a lower magnification of 
entire aggregations. A pseudoplasmodium with streams of myx¬ 
amoebae radiating in all aircctions from the center, which appears as 
a darkened irregular area, is shown in plate 1, H, The streams can 
be traced directly to regions of heaviest bacterial growth, which ap¬ 
pear as darker areas in trie photograph. Plate 2j which was taken 
at about the same stage in development, shows this condition equally 
well. The myxamoebae are being drawn primarily from the two bac¬ 
terial streaks shown on either side of the aggregation center. The 
two pseudoplasmodia shown in plate 1, /, represent a later stage of 
development, in which many small streams have merged to form 
larger streams which appear as definitely raised and ropelike struc- 
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tures. The streaming and aggregation of the myxamoebae continue 
until a compact, elongate cylindrical mass is fonned. 

In plate 1, /, is further shown a very large pseudoj)lasmodium sur¬ 
rounding, as it were, a much smaller one, and in this case it is obvious 
that in an earlier stage the whole colony of myxamoebae was flowing 
toward a common aggregation center. Then, from some cause either 
foreign to or within the pseudoplasmodium or its component cells, a 
new center appeared, and as a result two fruiting masses will develop, 
each producing a sorocarp. This may well raise the question of just 
what determines the size of an aggregation. As Van Tieghem (/?), 
Olive (4), Harper (^), and others have shown, the myxamoebae that 
make up a pseudoplasmodium retain their individuality, are mechani¬ 
cally separable, and react more or less independently of one another; 
none the less it is equally apparent that there is some stimulus or 
force which influences and determines what myxamoebae shall go into 
one aggregation and what into another, and consequently how large 
the fruiting structures shall be. In an even culture of myxamoebae, 
what determines whether there shall be more and smaller or fewer 
and larger sorocarps? For the present the whole subject must remain 
a matter of conjecture. 

The developing pseudoplasmodium may be of almost any conceiv¬ 
able shape. In a fresh culture with an even distribution of inyx- 
amoebae, the form is topically radially syjnmetrical. But in an older 
culture where previous aggregations have already withdrawn the 
myxamoebae from (‘ortain areas, or in fresh cultures where there is 
an uneven growth of ainoeboids, the centers once formed draw’ tlie 
myxamoebae from wherever they can. A resulting pseudoplasmo¬ 
dium may consist of a single extended stream, or of two streams 
extending out in opposite directions, or may be triangular as myxa¬ 
moebae are drawui from a sector uninfluen(*ed by previously develo})- 
ing masses, or even crescent-shaped as it forms at th(* ])eriphery of a 
bacterial colony, 

MIGRATION STAGE 

Thus far the development of Dictyostelium diHcoideum follows 
closely that of other species of the genus. But at this point a stage 
occurs which does not appear in any of the Acrasieae described. The 
myxamoebae come togetlier to form pseudoplasinodia wliich, instead 
of initiating a sorophore formation at once, gradually become trans¬ 
formed into compact, elongated cylindrical masses by the continued 
streaming and crowding together of their component myxamoebae. 
Sorophore formation is delayed, and between the appearance of tlie 
compact cylindrical pseudoplasmodium, as described above, and the 
beginning of sorophore formation, a period ensues during which tlie 
pseudoplasmodium moves as a unit over the surface of the agar until 
it reaches a suitable location for sorocarp formation. As shown earlier 
in this paper, the myxamoebae grow most luxuriantly in bacterial 
colonies, and the pseudoplasinodia are regularly formed witliin the 
limits of these colonies; thus the migratory stage may well be a demon¬ 
stration of negative hydro taxis, that is, a concerted* movement on the 
part of the pseudoplasmodium to reach a drier situation in which to 
develop the fruiting structure. Plate 2, H, shows such a pseudoplas¬ 
modium leaving a bacterial colony. 
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In shape the typical migrating pseudoplasmodium is elongate 
cylindrical, with the anterior end tapering to a greater or less degree 
and the posterior end rather blunt and somewhat flattened horizontally 
(pi. 2, Of However, variations from this form are not uncommon; 
the moving mass may be longer and narrower, with a less pointed 
tip, or shorter and relatively thick, with the anterior end rounded 
rather than pointed. It may be either straight or slightly curved 
(pi. 2, C). As it moves, the greater portion of the mass is regularly 
in intimate contact with the agar surface, but with the pointed frontal 
portion slightly raised above it; the transverse line in the upper half 
of the pseudoplasmodium (pi. 2, C) marks the point where contact 
with the agar surface is interrupted. In long narrow specimens the 
mass may be raised in the central portion as well. 

In size the migrating pseudoplasmodia vary widely, both as to 
relative dimensions of length and breadth, as pointed out above, 
and as to total volume. But in well-developed cultures on hay- 
infusion agar, which have been incubated for 5 or 6 days at 18® 0., 
typical specimens show dimensions of about 0.8 to 1.2 mm by 0.15 
to 0.25 mm, with extremes measuring as much as 2.0 mm in length 
and as little as 0.4 to 0.5 mm by 0.07 to 0.1 mm. With some excep¬ 
tions, volume is clearly dependent upon the extent of the aggregating 
mass from which the migratory structure developed, but the factors 
which determine the relative proportion of length to breadth are not 
so obvious. 

If a migrating pseudoplasmodium is crushed in a drop of water 
under a cover slip, the entire mass is seen to be composed of apparently 
similar and undifferentiated cells. There is not the slightest indica¬ 
tion of a stalklike structure, and the myxamoebae readily and quickly 
separate from one another. They are at first rounded, almost spheri¬ 
cal, with diameters averaging 8.5m to Am, but after the colony of disso¬ 
ciated myxamoebae has been allowed to stand for 15 to 30 minutes the 
organisms tend to become more elongated, show a differentiation into 
the endoplasmic and ectoplasmic areas, and begin a slow but percep¬ 
tible amoeboid movement which marks the beginning of a new 
organization, or reorganization, of the myxamoebae into new fruiting 
masses. On the other hand, if a similar pseudoplasmodium is killed 
and stained in situ and then removed from the agar surface and broken 
apart, the myxamoebae are seen to be not round but elongated and 
somewhat angular in outline. As would be expected, the long axes 
are oriented in tlie direction of movement. The average dimensions 
of the myxamoebae at this stage are about 12 m by 5 m to 6 m. 

Movement of the migrating pseudoplasmodium as a unit is obviously 
accomplished by tlie concerted and, at the same time, independent 
action of the countless individual myxamoebae of which it is com¬ 
posed. 

In the Acrasieae the production of slime is characteristic, but in 
Dictyoatelium discok/evm it manifests itself in an earlier stage and in a 
somewhat different manner. As the migrating pseudoplasmodium 
moves over the agar surface it produces and leaves behind a trail of 
slime which persists and can be seen leading away from any migratory 
mass or mature sorocarp. The material is quite tenacious, for when 
a sorocarp or pseudoplasmodium is removed, invariably a portion of 
the slime streak, often 2 to 3 cm in length, remains attached to it. 
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Plate 2, D, shows a pseudoplasmodiiim with a trail of slime clearly 
marking the path it has traveled; cutting diagonally across the 
lower right-hand corner of the same photograph is the trail of another 
pseudoplasmodiiim. Embedded in the slime streaks are scattered 
myxamoebae that have been left behind; microscopically they appear 
as vacuolated cells of irregular shape. As will be seen later, the 
number of myxamoebae thus left behind varies with the rate of prog¬ 
ress made by the migrating structure. 

Regularly the migration pseudoplasmodiiim produced by an aggre¬ 
gating colony of myxamoebae remains as a unit as it creeps over the 
plate, and forms a single sorocarp. Ilowev^er, the mass not uncom¬ 
monly divides, either leaving behind a mass of myxamoebae which 
produces an independent fructification or splitting into two masses 
each of which continues to move as a typical migratory structure. 
Secondary divisions of these pseudoplasmodial masses have occasion¬ 
ally been observed. In order to study their habits to best advan¬ 
tage, the migrating structures were removed from the cultures in 
which they grew and transplanted to fresh plates where they were less 
crowded and where their movements could be followed more easily. 

In contrast to this splitting of a pseudoplasmodiiim into more or 
less equal masses, in older cultures there fre(|uently occurs a gradual 
fragmentation of the entire structure. In such cases conqiaratively 
small masses of myxamoebae are cast aside, and these procee'd to 
develop into small atypical sorocarps at the point where they are cut 
loose from the larger, parent structure. A large pseudoplasmodiiim 
may in this way give rise to a whole series of miniature fruiting bodies 
lining its path; and intermixed with the sorocarps countless myx¬ 
amoebae remain stranded, either singly or in groups of varying size. 
Just what brings this condition about is not entirely clear, f)ut it is no 
doubt influenced by the drying out of the agar and perhaps through 
the accumulation of waste products as well. 

In cultures grown at 18° to 25° O. the migration pseudoplasmodia 
are formed and behave in the manner descriljed above. When cul¬ 
tures are growm at 30° to 32° the pseudoplasmodia are formed in the 
same way but behave very differently. In such cultures the majority 
never leave the bacterial colony in which they are formed, but ])ro- 
ceed to form sorocarps at the points where the aggregates develop. 
Sorocarps formed under such conditions, however, are not unlike 
those which develop from migrating pseudoplasmodia. Further 
studies are in progress concerning the growth and behavior of the 
species in response to changes in its environment. 

SOROCARP FORMATION 

Following the period of migration described above, the pseudoplas- 
modium ceases foi’ward movement and builds an erect fruiting struc¬ 
ture which, in accordance with Harper^s usage, may be called the 
sorocarp. This development is shown in a series of photographs (pi. 2, 
E-L), all of which, with the exception of plate 2, G, are side views of 
successive stages. 

The first evidence of this development is a relative shortening and 
thickening of the pseudopiasmodium. Forward movement of the 
mais becomes progressively slower until it ceases altogether. The 
myxamoebae, however, continue to crowd together, and the whole 
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structure takes on a more rounded appearance (pi. 2, E). In plate 2, 
Fj this tendency has progressed further, and what has been the pointed 
anterior end now appears as a raised knob at one side; the whole 
colony is here becoming definitely transformed into an upright struc¬ 
ture. Plate 2, fr, shows a slightly more advanced stage as viewed 
from above. The structure presents a rounded, almost symmetrical 
form, with the ajiex of the developing sorocarp lifted above the mass. 

In plate 2, //, the structure is more erect and is becoming definitely 
difi’erentiated into sorophore and spore-forming parts, and it is in 
structures presenting this appearance that the early stages of sorophore 
formation are to be found. As development continues and the soro- 
j)horc becomes longer and sufficiently strong to support the weight, 
the mass of myxamoebae slowly begins its ascent. In plate 2, /, this 
is clearly shown; tlie basal portion of the sorophore is complete and is 
securely anchored to tlie substratum, and the spore-forming mass is 
quite removed from it. This particular figure, however, is somewhat 
atypical in that it shows no pronounced apical region where sorophore 
formation is taking place. In the developing sorocarp of Dictyostelium 
miicoroides^ as pointed out by Harper (2) and as seen in culture, the 
j)seiKloplasmo(liuin extends down the sorophore as a band either 
ap])lie(l to one side or coiknl spirally around it, and may form a con¬ 
tinuous stream bctw(‘en the substratum and the sorogenic mass. Such 
a condition has not been observed in />. discoidevm; the pseudoplas- 
modium, or spore-forming mass, climbs the developing sorophore as a 
compact unit. 

Plate 2, J, is a somewhat later stage and more nearly presents the 
usual f)icture. The apical region is composed of undifferentiated 
luyxamoebae, which later become extremely vacuolated and contribute 
to sorophore development. The myxamoebae making up the bulbous 
mass below are destined to form spores; in fact, those nearest the 
periphery have already become diflerentiated at this stage. The fact 
that the stalk and base in this figure are ht'avier in proportion to the 
siz(» of the sorocar[) as a whole tlian usually is the case is due to expo¬ 
sure to the dry air of the laboratory preparatory to and during the 
l)rocess of photographing. A still more advanced stage is showm in 
plate 2, K, in which the relative pro|)ortions of parts in the developing 
structure are more nearly normal. The well-formed apical papilla 
indicates that activ(» sorophore formation is in progress. Mature 
sorqcarps are shown in plates 1, .1, and 2, i, all the myxamoebae 
having become differentiated either into stalk cells or spores. 

The mature sorocarp is typically a symmetrical structure, consisting 
of a disklike cellular base which envelops and supports the base of the 
stalk, an unbranched sorophore of similar nature which is relatively 
thick and rigid below but tapers rather evenly to a thin terminal 
region above, and a rounded apiculate or lemon-shaped sorus. Such 
an expanded disklike base has not hitherto been described in the 
Acrasieac. When seen from above, this basal disk is roughly circular 
in outline, and the upright sorophore arises perpendicularly from the 
central region of it (pi. 3, D and F). Wlien viewed from the side, the 
structure presents a somewhat conical appearance, with a more or less 
centrally placed cuplike depression into which the base of the soro¬ 
phore fits (pi. 3, K), 

Wliat aetually happens is that the basal portion of the upright soro¬ 
phore IS first formed and then the basal disk is built outward from it 
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at the same time that it eontiimes to be built upward. When a young 
fruiting mass such as that sliown in plate 2, //, is crushed, it is found 
that the basal part of the sorophore is in process of formation, and 
extending outward from it on all sides a baml of myxamoebae are cut 
off by what is ap])arently a slime sheath not unlike that which extends 
upward througli the mass during sorophore formation. Inside this 
basal sheath, the cells nearest the upriglit sorophore are differentiated 
first and later those further removed are differentiated. 

At the periphery of the completed disk the highly vacuolated and 
horizontally flattened cells form a single layer (pi. 3, F). The disk 
becomes thicker in cross section nearer the sorophore, with the (*ells 
piled one above the other. Bordering the sorophore a sleevelike layer 
of disk cells extends upward for some distance (pi. 3, E). The whole 
structure is enclosed in an envelop of slime which is continuous with 
that of the sorophore, and extending out from one side of the disk is 
the trail of slime laid down by the migrating pseudoplasinodiuin, 
shown in plate 3, />, as a thin line curved a})out the base. 

The sorophore is composed of a slightly bulbous base (pi. 3, />), 
whicli is enclosed in the basal disk described above, and a cylindrical, 
elongated tapering shaft which supports the sorus. Its structure is 
like that of Dictijostelli/m nnicoroides (])1. 3, /^, (\ />, and F), although 
it is more rigid and is almost invariably formed perpendicular to the 
substratum to which it is attached. Its greater rigidity is due to two 
factors: (1) In relation to height it has a greater l)asal diameter and 
the degree of tapering is greater than in />. mvvoroides, thus adding to 
its strength; and (2) the expanded cellular base rests scpiarely upon 
the substratum, thus giving the sorophore a much firmer sui)})ort tlian 
in the more common species, where it is anchored by slime only. 

As noted above, the bulbous base of tlie .sorophore is formed first, 
and extending upward from it in the central region of the young 
sorocarp is a tubular slime sheath which is formed in advance of the 
vacuolated cells and in which these cells become packed as growth 
of the sorophore progresses. This sheath is continuous with the 
sorophore below and the greater j)art of it is of the same diamet(‘r; the 
terminal region, however, is regularly expanded into a furmellike 
structure. A similar structure is present in other />/c///n.s7c//V/, and 
figui'es of it in Dictyoxteliiim inu cor aides have been given by Brefeld 
(/, pi. Illyjiy. 21) and Harper (^, />/. 6', >>/. f^). BrefeliBs figure 
shows the slime sheath fonned for some distance beyond the encdosed, 
vacuolated cells; and, except in the absence of an expanded terminus, 
it agrees with structures cojmmonly seen in young, rapidly developing 
sorocarps of D. dlscoldeum . As to the origin of this sheath, it is not 
clear whether it is secreted by cells that are destined to become stalk 


KXVLANATOHY LEOKNO FOR }‘L\TE 

v4.—Terminal region of developing sorocarp, .'Showing the fiinnel-shaped sheath formed In advance of 
.sorophore formation The apical papilln and the region surrounding the top of tiie sorophore aie composed 
of amoeboid ccll.s TJelow, .spore.s are already ditTerentialed X 

Terminal region of a jioropiiore, con.si.simg of cells m a single row or superimpo.sod on other cells 

X 900 

C- Median region of a sorophore X 320 

D - Basal part of a sorocarp, showing the swollen base of the upright sorophore and the expanded basal 
disk from which it arises. Tlie slime streak reirmined attached and is shown as a line curved ariout the base 
of the .sorophore. X 320. 

E. -Basal part of a .sorocarp, showing the conical shai»e of the basal disk and how the end of t he soroi>hore 
fits into and is attached to it X 320. 

F —Basal disk as viewed from above, showing the enrl of the sorophore as a circular structure in the upper 
right corner of the figure X 320 
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cellft or by the surrounding cells, which later form spores. In either 
case it servos to separate the two groups of cells before there is any 
evident differentiation of either. 

In plate 3, /I, the terminal region of a more advanced sorocarp 
than those just under consideration is shown, and in it, in contrast 
to the condition in younger, rapidly developing structures, the 
expanded portion is just above the rounded, vacuolated cells, which 
later become compacted together to form a rigid sorophore. Above 
the developing sorophore is the apical papilla of undifferentiated 
amoeboid (‘ells which contribute to its further extension. Just below 
and surrounding the terminal region of the sorophore are other 
undifferentiated myxamo(d)ae; whether they all ultmiately become 
spoiTs or whether some of them join the apical mass and become stalk 
cells has not been det('rmined. 

In the lower ])art of the picture the outlines of spores already 
formed can f)e seen. Once the mass of myxamoebae has become 
st'pnrated from the substratum (/>/. 2, /, J) and is ascending the soro¬ 
phore as it develo])s, the myxamoebae at the periphery of the mass 
in a centrally located l)and begin to be differentiated into spores, and 
as this sorogenic mass rises continually higher on the developing 
soroj)hore more and more spores are formed. If a sorocarp such as 
that shown in pi. 2, /v, is studicnl in a drop of water, a band of spores 
is s(*en completely (mcircling the developing hc^ad; if as many spores 
as possible are washed away and the structure is crushed under a 
cover slip, it becomes evident that bem'ath the layer of spores is a 
juass of cells in stages of differentiation into spores and that around 
the soro])hore is a cylinder of cells still amoeboid which carries the 
juass u])ward. (Iradually the cells in the apical region are used up 
in sorophore formation, and those surrounding it become spores to 
cojuplete the fruiting structure. 
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When sorocarps in large numbers are observed, one is impressed 
with the relation in size that exists between their different parts, for 
example, the diameter ot‘ the basal disk, sorophore, and sorus. This 
relationship is not exact, to be sure, but within limits it does exist. 
In table 1 are given the measurements of a group of sorocarps picked 
from dung-agar cultures 3 weeks old. Dimensions of the sori were 
taken in situ, and the sorocarps were then removed to slides, where 
other measurements were made. Roughly the ratio of the diameter of 
the expanded disklike base to the diameter of the sorophore just above 
the swollen base is 5 to 1 and the ratio of the diameter of the sorophore 
at this point to its diameter in the terminal region is likewise approxi¬ 
mately 5 to 1. The relationship between length and diameter is not 
so regular, but in general the longer sorophores have the greater 
diameters, arise from the larger bases, and bear the larger s()ri. 

In Dictyostelinm dificoideumy as in other Acrasieae, there is a striking 
relation between the diameter of the sorophore in the terminal region 
and the size of the sorus. And in fructifications where the soro])hore 
terminates in a single row of cells, the shape of these cells varies with 
the volume of the spore mass. Hardier (^) has made a detailed 
study of this matter in I). mucoroideRy and the writer^s observations on 
1), discoideum agree closely with his. If the sorus is very small the 
cells are narrow and elongated, 15 m to 18m by 3m to 3.5m, '^'Rh the 

long and short diameters in the ratio of 5 to I; if larger, the cells are 
more nearly isodiametric; and if still larger, the cells are horizontally 
flattened, 3 m to 4 m by 9 m to 10m, or with the long and short diameters 
in the ratio of 1 to 3. In cases where the sori are especially large, 
the sorophores are 2 or rarely 3 cells wide and the cells are of approxi¬ 
mately equal width and length. Thus it would seejn that the size 
of the sorophore is the essential thing; it must be of a size and strength 
sufficient to support the spore mass, and the cells that go into the 
making of it become modified in such a way as to attain this o})jective. 

Sorocarps regularly develop at right angles to the substratum or 
other support to which they are anchored. In the usual culture they 
are produced upon the agar surface and are built up vertically. If 
grown in inverted plates they are built vertically downward. If 
cultures are grown in uneven light and as a result migrating pseudo- 
plasmodia climb up the side of the culture dish, the resulting sorocarps 
develop outward horizontally. In cultures grown in uneven light or 
temperature there is no pronounced inclination of the sorophores 
toward either light or warmer temperature. 

True branching has not been observed in DictyoMium dif<coideum. 
On several occasions structures have been seen which, under low 
magnification, appeared to be branched sorophores. But in each 
case, on closer examination, the ^^branched'^ structure was seen to be 
composed of two sorocarps complete in every detail, one of which 
was anchored to the substratum while the other was anchored to the 
upright sorophore of the first. The branch^' possessed a typical 
expanded base, which was somewhat curved around the supporting 
sorophore and was securely anchored to it by an envelop of slime. 
In regard to such compound structures the question arises as to 
whether the supporting and the supported sorocarps arise from the 
same colony of aggregating myxamoebae. The evidence indicates 
that this is not the case but that the branch originated in a later 
pseudoplasmodium which climbed up an established sorophore, just 
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as it would have climbed up the side of the culture dish, and then 
proceeded to form a sorocarp. 

SUMMARY 

A new species of Dictyostelium is described, for which the name 
I }ictyosteliutn discoideum is proposed. 

Following tlic aggregation of the myxamoebae, the pseudoplas- 
iiiodium becomes a compact cylindrical mass and moves for a greater 
or less distance over the culture plate before developing a sorocarp. 
This migratory stage, which has not been previously reported, is 
termed the migration pseudoplasmodium. 

The mature sorocarp differs from that of the more common species 
in possessing a cellular basal disk, which surrounds and supports the 
base of the sorophore. In addition, the sorophore is more rigid and 
tapers more evenly than in other species. 
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EFFECT OF TEMPERATURE OF ARTIFICIAL DRYING ON 
DIGESTIBILITY AND AVAILABILITY OF NUTRIENTS 
IN PASTURE HERBAGE' 

By R. E. Hodgson, agents Bureau of Dairy Industry^ United States Department of 
Agriculture^ dairy husbandman^ Western Washington Experiment Stationf and 
assistant dairy husbandman^ Washington Agricultural Experiment Station; 
J. C. Knott, assistant dairy husbandman^ Washington Agricultural Experiment 
Station; R. R. Graves, chiefs Division of Dairy Cattle Breeding, Feeding, and 
Management, Bureau of Dairy Industry, United States Department of Agriculture] 
and H. K. Murbr, chemist, Department of Dairy Husbandry, Washington 
Agricultural Experiment Station 

INTRODUCTION 

Mcrhaiiiral driers are being used in the artificial preservation of 
forage crops in certain sections of tlie United States. The future of 
Uiis method of preserving crops for winter feeding depends largely 
on the development of machines that will dry forage efficiently and 
economically without affecting its nutritive value. 

REVIEW OF PREVIOUS INVESTIGATIONS 

As a result of research with a rotary triple-drum drier (Ardrier) 
Clyde (4f 5) ^ has been able to increase the efficiency and drying 
capacity of the drier by reducing the air flow and increasing the initial 
temperature of the heating gas. By increasing the initial temperature 
from an average of 932° to 1,451° F., it was possible to increase the 
rapidity with which the moisture was evaporated from the hay and to 
reduce the exhaust temperature from 291.7° to 237°. Barr {2, 3) 
working with the Louisiana station rotary single-drum drier reported 
tliat the lowest efficiencies (w hen drying green forage) w ere obtained 
when the initial gas temperature ranged from 1,100° to 1,200° F. and 
that the highest efficiencies were obtained at 1,850°. He found that 
with the highest initial heat the exhaust temperature maintained itself 
at 240° and the forage had a temperature of 198°. The extent to 
which the temperature of drying may be raised to effect a greater and 
more rapid evaporation of moisture without rendering valuable feed 
nutrients unavailable is not apparent. The experiment described 
herein was undertaken to determine the effect of increasing the tem¬ 
perature of drying on the nutritive A^alue of the herbage. 

Hart, Kline, and Humphrey (If) found that the nutrients of green 
alfalfa exposed to temperatures of 480° to 535° C, in a Koon-type drier 
for 40 seconds were no less digestible than those of similar alfalfa 
dried in the field. Woodman and his associates (20) concluded that 
the higli nutritive value of young pasturage is not appreciably de¬ 
pressed by artificial drying wdth steam at 100° C. Pasture grass dried 
by direct'heat in a kiln chamber at 115° for 3 hours was omy slightly 
less digestible than similar herbage dried at the temperature of steam. 
They report that the grass, wliile in the chamber, at no time reached 
a temperature of over 90°. 
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Watson and Ferguson (18) compared the digestibility of pasturage 
that had been dried at different temperatures in a band drier and in a 
pneumatic-conveyor drier with fresh green herbage. In the band 
drier, at an inlet temperature of 200° C., the herbage was dried to 10- 
percent moisture in 20 minutes with no effect on the digestibility of the 
various constituents, except on that of the crude protein, which was 
slightly depressed. With similar herbage, dried in the conveyor drier 
at a temperature of 600° for 15 seconds, a depression of the digestibility 
of the constituents of the grass was noted, particularly the digestibility 
of crude protein which was decreased markedly. Watson and Fergu¬ 
son (19) reported that hay of excellent quality and high digestibility 
was made by artificial drying in a stack througli which hot air was 
blown. The temperature of the hay was maintained at an average of 
100° to 110° F. for 45 hours during the drying process. Honcamp (15) 
reported that artificial drying of grass at low temperatures caused no 
loss in the raw or digestible nutrients. When artificial drying was 
accomplished by hot fire gases a considerable reduction of protein 
digestibility occurred. He did not, however, specify what tempera¬ 
tures were used. 

Several investigators (14) 10^ 18^ 20) have reported the digestibility 
coefficients of the nutrients in artificially dried young grass. In 
most instances the materials studied have been dried under different 
conditions. To facilitate comparison these coefficients are assemWed 
in table 1. 


Table 1. —Coefficients of digestibility of artificially dehydrated pasture herbage^ as 
reported by several investigators 


Treatment of grass 

Dry 

matter 

Crude 

protein 

Nitro¬ 

gen-free 

extract 

Ether 

extract 

Oudc 

filler 

Ash 

Investigators 

2-week-old grass dried in 

Percent 
67.67 

Percent 
74 92 

Percent 

7i.55 

Percent 
21 90 

Percent 

72.68 

Percent 
32 48 

Hodgson and Knott {H). 

oven at 160“ F. for 10 
hours. 

7- to 10-day-old grass arti¬ 

72.4 

71.0 

81.6 

46 4 

73 0 

38.5 

Newlauder and Jones 

ficially dehydrated in 
Ardrier. 

Young grass dried at 600“ C. 

66.00 

68.94 

75.96 

65 76 

68 09 


m 

Watson and Ferguson 

for 40 seconds. 

Young grass dried at 100° C 
for 3 hours. 


78.2 

80 4 

73 7 

81 0 


m 

Woodman, IU;c, and 
(Irifllth (eO) 


EXPERIMENTAL PROCEDURE 

The pasture herbage used in this investigation was a mixture of 
English ryegrass {Ldium perenne), Italian ryegrass (L. rmdtijflorum), 
and white clover (Trifolium repens). The pasture was seeded in the 
early spring of 1933 on fertile bottom-land soil on the Western 
Washington Experiment Station at Puyallup. On April 17, after the 
seeding had made a good start, 300 pounds of sodium nitrate and 450 
pounds of superphosphate per acre were applied. Due to the abun¬ 
dant and well-distributed rainfall a luxuriant and imiform growth 
was maintained throughout May, June, and July, when the samples 
were taken. The herbage was rather free from weeds and contained 
approximately 20 percent of white clover and 40 percent of eacli of 
the ryegrasses. 
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The pasture was divided into three plots, one of which was cut each 
week. The grass represented 3 weeks' growth when cut. Grass that 
was to be fed green was cut each day, run through a chopper, and fed 
twice daily. Grass that was to be dried, either artificially or in the 
sun, was cut as soon as the dew was off in the morning, collected 
immediately, run through a silage cutter, and spread out to wilt over¬ 
night, and dried the following day. Curing in the sun was accom¬ 
plished by spreading the grass thinly on a canvas and exposing it to 
the sun and indirect sunlight for 18 hours on the average. The grass 
was turned occasionally to insure uniform exposure, but was not 
exposed to rain or dew and suffered little or no loss of leaves. Artifi¬ 
cial drying was accomplished with an experimental direct-heat rotary 
single-drum drier.^ Diesel oil was used as a source of fuel. The 
temperature of the gas at the outlet end of the drier was used as an 
index of the drying temperature, grass being dried at four different 
temperatures. The inlet temperature and the rate of speed at which 
the grass passed through the machine remained about the same for 
the four different rations dried, the only varying factor being the 
amount of material in the machine. The amount of material in the 
machine at any one time regulated the exhaust-gas temperature. 
The grass was dried at outlet temperatures of 250°, 300°, 350,° and 
400° F., with an average variation of not over 5° above or below these 
temperatures. The wilted herbage, having an average dry-matter 
content of 19.5 pendent, passed through the drying machine in from 
2 to 5 minutes. 

Six digestion and mineral-balance trials were conducted with a 
group of three sheep, each of the six rations of pasture grass described 
above constituting a trial. The sheep were range yearling wethers of 
unknown history. They were conditioned to the metabolism crates 
and rations before the experimental trials were begun. During each 
trial the three sheep were confined to individual metabolism crates 
(fig. 1). The crates were patterned after those described by Forbes 
{(>) but with certain modifications to meet specific needs. Each crate 
had a floor area of 20 square feet. A manger and yoke were built 
in one end of the crate so that the sheep could bo stanchioned while 
eating (figs. 2 and 3). Water and salt were accessible through open¬ 
ings in the rear end of the crate (fig. 2). The crate had two false 
bottoms, one of Ji-inch mesh galvanized wire on wdiich the sheep 
stood and which permitted the excTeta to pass through, and the 
other of }i-inch mesh galvanized wire wliich caught the feces and 
allowed the urine to pass through. The urine was caught on a funnel- 
shaped pan and conveyed to glass receptacles (fig. 4). 

The procedure outlined by Forbes and Grindley (7) for conducting 
digestion trials was followed in this experiment. The digestion trial 
for each type of feed lasted 3 weeks. The prehminary period was 7 
days, wliile the collection period continued for 14 days. The sheep 
were weighed for 3 successive days at the beginning and end of each 
trial. 

The freshly cut herbage was thoroughly mixed, and weighed 
amounts were fed to the sheep. At the same time duplicate samples 
were taken for dry matter and chemical determinations. In the trial 

3 The writers wish to express appreciation for cooperation given by M. S. Grander, agronomist, Western 
Washington Experiment Station, who built the artificial drying machine and supervised its operation in 
the preparation of the dried grass used in the experiment. 
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with the freshly cut herbage the refused feed was weighed daily and 
sampled for dry matter and chemical analysis. There was no refused 
feed during the trials in which the sun-cured grass or the artificially 
dried grass rations were fed. 

At the beginning of the trials in which the sun-cured grass ration 
and the four artificially dried grass rations were fed, a sufficient 
amount of the material from each ration to last the entire trial 
was weighed out, thoroughly mixed, and divided into three piles. 
Weighed individual 
feedings, which were 
the same through¬ 
out the trial, were 
made up from the 
three ])iles and 
stored in pa])er bags. 

At regular intervals 
samples from each 
of the three piles 
were saved for chemi¬ 
cal analysis and for 
color determinations. 

The sheep were fed 
twice daily, at which 
time they were fas- 
t.(Mied in the yokes to 
avoid losing feed in the 
crates. Fresh spring 
water containing neg¬ 
ligible amounts of cal¬ 
cium and phosphorus 
^\as provided at all 
times and salt was fed 
daily. 

At the end of the 
exj)eriniental day the 
feces were collected, 
thoroughly mixed, 
weighed, and 50 per¬ 
cent of the daily ex¬ 
cretion w^as saved for 
chemica 1 analysis. 

The samples were collected in a thymol-(*oated receptacle and stored 
in a refrigerator at 22° F. The daily excretion of urine was mixed, 
weighed, and a 20-percent aliquot sample saved for analysis. The 
samples were stored in thymol-coated air-tight glass bottles and 
preserved by adding a thymol chloroform mixture at the rate of 2 cc 
per liter. A l0-])ercent acetic acid solution was added at the rate of 
1 cc per liter to prevent precipitation. At the close of the collection 
period the daily aliquots of urine and feces of each sheep were mixed 
and sampled for chemical analysis. The analyses of the feeds, feces, 
and urine were made by the usual methods as outlined by the Associa¬ 
tion of Official Agricultural Chemists (/). The color determinations 



Fkjurk 3 Mefnbolisni mte with wether stanehioned and the front 
of the manner <loun to fneihtntc cleaniUK. 
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of the samples of the dried herbage were made according to the method 
described by Nickerson {17).* 



Fiqurk 4.—Platform of metabolism crate showing the upi)er screen on which the animal stands, the lower 
screen which retains the feces and allows the urine to pass through, and the sloping metal bottom which 
drains the urine into the glass receptacle. 


EXPERIMENTAL RESULTS 

COMPOSITION OF FEED 

The chemical composition of the six rations of pasture grass used in 
tliis experiment is shown in table 2. 

Table 2. —Chemical composition of rations of pasture grass used in the experiment 

{dry-matter basis) 


Fiat ions 

Dry 

matter 

Crude 

pro¬ 

tein 

Crude 

fiber 

‘ 11 

Nitro¬ 
gen- 
free ex¬ 
tract 

Ash 

Nitro¬ 

gen 

Cal¬ 

cium 

Phos¬ 

phorus 

Ca/P 


Frr- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 




cent 

cent 

cent 

cent 

cent 

cent 

cent 

ant 

Cent 


Oreen grass, no treatment ,... 

2 : 1.90 

10.36 

21.46 

3.92 

4.') 99 

12 27 

2 62 

0. 761 

0 484 

1.57 

Sun-cured grass, exposed 18 











hours.-. 

02 16 

18.82 

20.64 

3 46 

44 62 

12 56 

3 01 

. 7:12 

. 647 

1 13 

Grass artificially dried at ex¬ 











haust temperature of— 






i 


i 



250° F. 

92.41 

17.60 

20 21 

4.59 

46. 62 

11 18 

2.80 

.729 

.516 

1.41 

300° F.-.. 

92. 72 

17.78 

20.98 

5.09 

43 79 

12.:46 

2 84 

.762 

. 556 

1. 37 

360° F. 

92 56 

18.19 

20.98 

4.26 

44.90 

11.67 

2.91 

.670 

. 517 

1 ! 30 

400° F. 

03.18 

17.98 

22 88 

6 04 

42.46 

11. (M 

2.88 

. 689 

.583 

1. 18 


The various dried-grass rations are very uniform in composition 
indicating that each sample was truly representative of the herbage^ 
The slight increase in the crude-fiber content of the grass dried at^e 


< Color determinations were made by the Bureau of Agricultural Kcononilcs, IT. S. Department of 
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exhaust-gas temperature of 400° F. may indicate slight burning of the 
more leafy material as it passed through the machine. Upon looking 
into the exhaust end of the drier it was apparent that some burning 
was taking place at this high drying-temperature. The calcium and 
phosphorus content of this herbage is high but is in close agreement 
with that of other grass produced on adjacent fields at this station. 
{10, IS, U.) 

COMPOSITION OF EXCRETA 

In table 3 is given the composition of the urine and feces of the ani¬ 
mals used in the six metabolism trials. There is a high decree of 
uniformity in the composition of the organic and inorganic constituents 
of the excreta of the individuals during each of the test periods. The 
dry-matter content of the feces of sheep no. 1 was considerably lower 
than that of the others throughout each experiment. This condition 
did not, however, affect the composition of the dry matter of the feces 
or the ability of the annual to digest nutrients. The grass dried at 
350° and 400° K. had a more laxative effect upon the animals than 
the other rations. 


Tablk 3 .—Chemical compoailion of feces and urine of sheep receiving rations of 
green^ sun-cured^ and artificially dehydrated pasture grass dried at different 
temperatures 

OUEKN (IR^SS, NO TREATMENT 


1 

Sheep no , und material 
analyzed 

Dry 

matter 

Crude 

protein 

t'rude 

filler 

Ether 

extract 

Nitro- 

lien-free 

extract 

Ash 

Nitro- 
Ben ! 

Calcium 

Phos¬ 

phorus 

Sheep 1. 

Feces... . . 

Urine- 
Sheep 2 

Percrni 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

42 09 

16 21 

17 45 

3 82 

37 12 

2G. 40 

2 43 

1 01 

2 396 
0117 

1 4111 
00122 

FtH-tK 

Urine... . 

:>:i 57 

15 12 

IM 98 

4 44 

3fi 48 

21 98 

2 43 
.Kio 

2 388 
.00418 

1.371 

000936 

Sheep 2 

Feces.. 

Urine_ 

M 7fi 

15 30 

18 23 

3 47 

37 44 

25 5fi 

2 45 
.014 

2 410 
0091 

1.434 

.00079 








Sl’N-rrREJ) GRASS. EXPOSKD 18 HOURS 


Sheep r 

Feces. . 

46 86 

17 02 

13.27 

5 21 

32 44 

32 06 

2,72 

2.675 

2 010 

Urine . 







1.486 

.00404 

000855 

Sheep 2 

Feces 

5:1 80 

16. 5;i 

14.16 

4 45 

32 59 

32.27 

2 64 

2 69S 

1 971 

Urine .. . ... 

— 


. 

— 

— 


1.256 

.00113 

000927 


GR\SS ARTIFHHAEEY DRIED AT 250° F. 


Sheep 1 

Feces. 

Urine. 

Sheep 2. 

Feces.... 

Urine. 

Sheep 4. 

Feces_ ... 

Urine. 


34 74 

IS 36 

15 03 

6.66 

32 66 

27.39 

2.94 

1.759 

2.656 

.00374 

1 856 
.00107 

55. 37 

17, ;io 

15 86 

4.02 

34.63 

28 19 

2.77 

1.332 

2.788 
.00176 

1.913 

.000911 

52.06 

18.12 

14.69 

5 88 

32. 78 

28 5:1 

2.90 

1.562 

2.699 

.00310 

1 925 
.00110 
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Table 3. —Chemical composition of feces and vrine of sheep receiving rations of 
greeny sun-cured, and artificially dehydrated pasture grass dried at different 
temperatures —Continued 

GRASS AKTTFK’lALl.Y DRIED AT F 


Sheep no., and material 
analyzed 

Dry 

matter 

Crude 

protein 

Crude 

filler 

Ether 

extract 

Nitro¬ 

gen-free 

extract 

Ash 

Nitro¬ 

gen 

Calcium 

Phos¬ 

phorus 

Sheei> L 

Feces _ 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

34 00 

IH 0.6 

16 44 

6 06 

33 26 

27 01 

2 98 

2.704 

1 m 

Urine - -- 







1 813 

00247 

00103 

Sheep 2 

Feces- - -- 

Urine 










40 04 

18 12 

1.6 HI 

6 0.6 

:».3. 34 

27 OS 

2 90 

1 477 

2 760 
00(99 

ii 

Sheep 4 










Feces 

Urine 

.*>0 30 

18 .60 

10 79 

3 80 

32 10 

28 7.6 

2 90 

1 840 

2 918 
00216 

1 918 
(X)l to 


GRASS ARTlFiriALLV DRIED AT F 


Sheep 1 

Fecea- — 

27 30 

20 00 

14 91 

0 07 

32 01 

20 36 

3 31 

2 637 

1 749 

Urine . . 







1 K47 

00224 

(KK)9:46 

Sheep 2 










Feces— - 

41 04 

19 87 

14 90 

4 03 

34 40 

20 08 

3 18 

2 576 

1 708 

Urine- - 







1 6.31 

0 

0007.60 

Sheep 4 










Fe(;es 

30 20 

20 38 

14 76 

.1 70 

34 00 

27 11 

3 20 , 

2 018 j 

1 806 

Urine 







1 779 

0021 Hi 

0(X)940 


GRASS 

ARTIFICIALLY DRIED AT 400^* F 




Sheep 1 





1 





Feces.. .. 

30 0.6 

24 93 

14 13 

4 (Kl 

32 02 

24 32 

3 i>9 

2 193 

1 672 

Urine . . 







1 499 

(M)170 

00127 

Sheep 2 










Feces 

39 77 

21 00 

16 00 

2 76 

34 21 

23 98 

3 8.6 

2 204 

1 6(1 

Urine 






.. 

1 316 

(K)1.44 

00101 

Sheep 4 










Foces„ - .. 

37 86 

24 41 

11 67 

2 48 

33 80 

21 08 

3 91 

2 301 

1 002 

Urine. . . . 







I .384 

(K1I.6,S 

1 

(KMOl 


There was a percentage of protein in the feces of the sheep 

when receivini? grass dried at 400® F., indicating that they were not 
digesting this constituent so completely. There was a rather high 
percentage of nitrogen in the urine but the excretion of calcium and 
phosphorus from this source was very small. 

APPARENT DIGESTIBILITY OF NUTRIENTS 

The rations fed to the sheep were sufficient to meet their require¬ 
ments for digestible nutrients as recommended in the Henry and 
Morrison standards {12). Due to the high x^^^reentage of protein in 
the grass the intake of that constituent was more than sufficient to 
meet the daily requirements of the wethers. As shown in table 4 the 
sheep made slight gains in live weight during each digestion trial 
except sheep no. 3 when receiving green grass. This animal did not 
adjust itself to the conditions of the experiment and therefore did not 
eat well. It was necessary to substitute another sheep for it in the 
later experiments. 
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Table 4. —Average weight of each sheep during the first S days and the last S days 
of the 21-day period on each of the rations 


Average weight of—- 


Ration 

Sheep no. 

,1 

Sheep no 2— 

Sheep no. 3— 


Initial 

Final 

Qain 

Initial 

Final 

Gain 

Initial 

Final 

Gain 


Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

1 

8 

Pounds 

Clreeu gra.ss, no treatment... 
Sun-cured graa.s. exinised 18 

101 8 

10.5.8 

4.0 

102.8 

107. 5 

4.7 

97 8 

9.5.2 

» -2 G 

hours.- - - 

(lra.s.s artili(‘ially dried at 

10.5 2 

107 2 

2.0 

108.5 

111.2 

2.7 

. ' -- 

- - 


exhamst temperature of— 










2 .*i0® F.. . - 

109 2 

112 0 

2 8 

114 7 

11.5.5 

8 

»11.3.7 

a no 2 

*2.5 

.KXP F_ . _ . 

113 0 

113 8 

8 

117 7 

120 0 

2 3 

a 11.5.5 

a 119 5 

2 4.0 

3.50® F_ 

114 2 

114 8 

G 

122 3 

12G 0 

3 7 

a 122.2 

a 124.8 

a 2.0 

400® F . - 

11.5 3 

117 3 

2 0 

125 3 

129 2 

3.9 

a 12.5.0 

* 127.8 

22 8 


* Loss. 

* Sheep no 4 substituted for sheep no 3, which went oil feed in .second trial 


Table 5. - -Dry matter and nutrients ingested, voided^ and d'lgested during a 14-day 
period by sheep receimng rations of green, sun-cured, and artificially dehydrated 
grass 

(lUKRN (JRASS, NO TREATMENT 


wSheep no , and items compared 


Sheep I 
Fed. 
Refu.so<i 
('onsiinied 
Voide<! . 
Digested . 
Digested . 
Sheep 2. 

(’oii.suined 
Voide<l - 
Digested 
idigested .. 
ShotMi .3 
Fed - 
Refu.sed- 
Consumed- 
Voided 
Digested . 
Digested- . 


d 

Dry 

matter 

Urmlc 

protein 

Crude 

fll>or 

Ether 

extract 

Nitrogen- 

free 

extract 

Ash 

grams 

19, .540.0 

3,190 7 

4,19.3 .3 

706.0 

8.980 4 

2.397 6 

...do 

817 2 

148 7 

184 7 

27.5 

3.50.3 

105 9 

..do 

18,722 8 

3.048 0 

4, OOH. 6 

7;i8 5 

8,030. 1 

2,291.7 

. do. . 

.5.143 4 

782 3 

897 5 

190 5 

1,909 2 

1,357 9 

.do - 

13,579 4 

2. m 7 

3, in 1 

.542 0 

0,720 9 

933 8 

Iiermit 

72 5 

74.3 

77 0 

7.3 4 

77 9 

40 7 

grams 

20,130 0 

3.293.3 

4,319 9 

789 1 

9,2.57. 2 

70 0 

do 

0,517 3 

985 4 

1,237.0 

289 4 

2 .377 5 

1,028 0 

. do. . 

13,012 7 

2, .307 9 

3,082 9 

499 7 

6,880 3 

842 0 

percent-. 

07 0 

70 I 

71.4 

03 .3 

74.3 

34. 1 

grams . 

19.100 0 

3, 134 0 

4,111.7 

751 1 

8,811.7 

2,3.50 9 

do 

2.897. 0 

.509.0 

077.0 

81.4 

1,241.0 

387.3 

-do. . 

10. 203.0 

2, 025. 0 

3, 434.1 

009 7 

7,570 0 

1,903.0 

-do - . 

4.079 8 

710.0 

853 1 

102 4 

1,752 1 

1,190 2 

- -do_ 

11, .583 2 

1.909.6 

2, .581 0 

507 3 

.5,817.9 

707, 4 

(lercent.- 

71 2 

1 


75.2 

75 8 

70 8 

39 1 


SrN-rVRED ORASS, EXPOSED 18 HOURS 


Sheep 1. 

Con.siimed 


grain.s 

1.5,482 9 

2,913 9 

3,180.2 

535 7 

6,908. 5 

1,944.6 

Voided 


do 

3,710.4 

031.5 

492.4 

193 3 

1,203 6 

1.189. 5 

Digested 


. do .. 

11,772 5 

2,282 4 

2,087.8 

:M2.4 

5,704.9 

7.55.1 

l>igested 


perctmt . 

70.0 

78.3 

84 5 

9 

82 6 

38.8 

She^) 2. 

Consumed 


.grams 

1.5,482.9 

2,913 9 

3,180. 2 

535 7 

6,908. 5 

1,944.6 

Voided. 

- 

_ . do. - 

3,791,3 

020.7 

536 8 

168 7 

1,235 6 

1,223.4 

Digested-. 


.do.. . 

11,691.6 

2,287. 2 

2,643.4 

367.0 

5,672.9 

721.2 

Digested .. 

• 

-Ijercent.- 

75.5 

78.5 

83.1 

68.5 

82 1 

37. 1 
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Table 5. —Dry matter and nutrients ingested, voided, and digested during a 1 'i-day 
period, hy sheep receiving rations of green, sun-cured, and artificially dchydratcd 
grass —(^.oiitinucci 

(JllASS AHTIFICIALLY DRIED AT 250® F. 


SIjpvI) no,, Sind itwiis coniparcd 


Sheep 1: 

Consumed- 
Voided 
Digested-- 
Digested—- 
Sheep 2. 

Consumed- 

Voided_ 

Digested_ 

Digested- 
Sheep 4* 

Consumed 
Voided - - 
Digested- 
l>igested- 


grams— 
_do —. 

— .do 
perc'ent 

-grams. 

...do_ 

...do 

percent 

grains 
-do 
.do . 
percent i 


l>ry 

matter 

Crude 

liroUnn 

Oude 

fiber 

Ether 
e\tract 

Nitrogen- 

free 

extract 

Asli 

15,524 y 

“I 

2, 716 8 

3.137 6 

712 6 

7. 222.2 

1,735.7 

3,643 5 

669.0 

547 6 

239 0 

1, UK) 0 

998 0 

11,881 4 

2,047 8 

2. 590 0 

473 6 

6.032 2 

737 7 

76 5 

75 4 

82 6 

66. 5 

83 5 

42.5 

15,524 y 

2,716 8 

.3. 137 6 

712 6 

7,222.2 

1,735 7 

3,535 y 

611 7 

560 8 

142 1 

1,224 5 

996 8 

11,080 0 

2,105 1 

2, 576 8 

570 4 

5,997 7 

738 9 

77 2 

77 5 

82 1 

80 1 

83 0 

42 6 

15.524 0 

2,716 8 

3, 137 6 

712 6 

7, 222 2 

1,736 7 

3. 708 2 

671 9 

544 7 

218 0 

1,215 6 

1,058 0 

11,816 7 

2,044 y 

2, 592 9 

t 494 6 

6. 00t> 6 

677 7 

76. 1 

75 3 

82 6 

69 4 

83 2 

39 0 


DRASS AUTIFICIALLV DRIED AT F 


Sheep 1: 

Consumed. 

grams 

15, .577 0 

I 

2, 769 6 

.3, 2f*8 0 

792 9 

1 

6,821 2 

1. 925. .3 

Voided __ 

- do 

3,649 2 

680 6 

563 4 

206 2 

1.213 4 

985 h 

Digested- 

.... . . - do .. - 

11,927 8 

2, 089 0 

2, 701 6 

.586 7 

5, 607 8 

939 7 

Digested. 

- - - --- percent 

76 6 

75 i 

82 8 

71 0 

82 2 

48 8 

Sheep 2- 

Consumed.. .. 

.-grams 

15,577 0 

2, 769 6 

3. 268 t) 

792 9 

6,821 2 

1,92.5 3 

Voided. 

_ - - ...do .. 

3.632 7 

6.58 2 

571 3 

183 4 

1,211 1 

l.(K)5 5 

Digested. 

.. (io . 

11,944 3 

2. 111 4 

2. 693 7 

()09 .5 

.5,610 1 

919 8 

Digested. 

percent-- 

76 7 

76 2 

82 1 

76 9 

82 2 

47 8 

Sheep 4 

Consumed. 

- - . grains 

15,577 0 

2, 769 6 

3,268 0 

792 9 

6 . 821 2 

1,925 3 

Voided_ -. 

-.(io 

3,771 7 

697 8 

633 3 

143 3 

1 1, 2.57 5 

1.084 4 

Dige.sted. 

. -do 

11,805 3 

2,071 S 

2,6;i4 7 

649 6 

! 5, .563 7 

840 9 

Digested . 

.- percent . 

75 8 

74 8 

80 6 

j 81 9 

1 81 6 

43 7 


GRASS ARTIFK 

'lALLV DRIED A 

T 3.5()« F, 




Sheep 1: 

Consumed. 

. -.. grams . 

14. 254 2 

2, 592 8 

2. OtK) 5 

607 2 

6 . 400 2 

1,66;i 5 

Voided.— 

do 

2.948 6 

609.2 

439 6 

179 0 

913 8 

777 0 

Digested_ 

.. do - 

11,:K)5 6 

1,983 6 

2. .5.50 9 

428 2 

5, 4.56 5 

886 .5 

Digested.. . . 

... _ percent 

79.3 

76 5 

85 3 

70 5 

85 2 

63 3 

Sheep 2; 

Consumed 

. grams 

15,550 1 

2,828 6 

3, 262 4 

662 4 

1 6,982 0 

1,814 7 

Voided ... 

_do - , 

3,497.0 

694 9 

523 2 

140 9 

! 1,205 1 

933.0 

Dige.sted. 

.. .. _ - do 

12,053 1 

2.133 7 

! 2. 739 2 

.521 .5 

5,776.9 

881 7 

Digested-. 

- - ... -- percent. 

77 5 

76 4 

' 84 0 

78 7 

82.7 

48 6 

Sheep 4: 

Consumed. . . 

- - - grams. - 

16,5.50 1 

2,828 6 

3. 262 4 

662 4 

0,982.0 

1 1,814 7 

Voided__ 

. do ... 

3,495 5 

712 4 

515 G 

129 3 

1.190 6 

947 6 

Digested_ . 

-- . .... .(io --- 

12,0,54 6 

2,116 2 

2, 746 8 

.533 1 

5,791.4 

867 1 

Digested _ 

- -- _ _percent 

77 5 

74 8 

84 2 

80 5 

83 0 

47 8 


GRASS ARTIFK 

MALLY DRIED AT 4(K)® F 




Sheep 1: 

Coasumed . ... 

- - -grams 

14,023 6 

2,521 4 

3, 208 6 

706.8 

5,954. 4 

1,632 3 

Voided. 

.do.. 

4,241 0 

1,057 5 

599. 4 

169 7 

1.383. 7 

1,031 6 

Digested... _ 

..- __do - 

9,781 7 

1,463.9 

2. 609. 2 

537 1 

4,570. 7 

600 7 

Dige.sted—. _ 

.--percent . 

69.8 

58. 1 

81 3 

70 0 

76.8 

36 8 

Sheep 2: 

Consumed_ 

.. grams . 

15,328 1 

2,756.0 

3, ,507.1 

772 5 

6 , .508 3 

1,784. 2 

Voided. 

..do . 

4.627 6 

1,113 4 

694 2 

127 3 

l,.58;i. 1 

1,109 7 

Digested.. 

- - . - -do 

10,700 5 

1,642 6 

2,812.9 

645. 2 

4,925 2 

674. 5 

Dig&sted.. 

Sheep 4: 

Consumed. 

... .. pcrcent- 

69.8 

59 6 

80 2 

Ki 5 

75.7 

37 8 

.- -_ -grams.. 

15.328 1 

2, 756. 0 

3,507 1 

772.5 

6 , 508.3 

1,784.2 

Voided_ ... 

-.. . --do ... 

4,545 4 

1, 100 5 

662 3 

112 7 

1,5.39. 1 

1,121 8 

Digested-.. ... 

.--do -- 

10 , 782 7 

1,646.6 

2,844 8 

659.8 

4,969. 2 

662 4 

Digested .. 

.- . -percent. 

70 3 

59.7 

81.1 

85 4 

76 4 

37 1 
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Table 5 contains data on the dry matter and nutrients ingested, 
voided, and digested by sheep receiving the diflFerent rations. The 
digestibility coefficients of the individual wethers in each trial are 
in close agreement for all constituents except the other extract, which 
varies considerably. 

At the beginning of the experiment with the sun-cured grass, sheep 
no. 3 wont off feed for several days and it was necessary to reject 
results from it in summarizing the results of the trial. 

Table 6 shows the apparent digestibility of the different rations. 

T\hi>1': (>.— Appnrtnt </igc.stihility of gret^rt, sim-curcd, and artificially dehydrated 

grass 


Rut ion 

Sheep 

Dry 

matter 

Crude 

protein 

Crude 

fiber 

Kther 

extract 

Nitro¬ 

gen-free 

extract 

Ash 


j\u mfter 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Om'n KUiss. no trcntiiienl . _ - . 

3 

70.4 

72 3 

74.0 

70 6 

76.3 

37.8 

Sun-<*ure(l grass, e\posed is hours 

Oniss arliflciall> dried at exhausi tenipera- 
fure of - i 

2 

75 8 

78.4 

83 8 

66.2 

82.4 

38.0 

2:.n“ F . - - -_ 1 


70 0 

70 0 

82.4 

72 0 

83 2 

41 4 

F 

1 .3 ! 

70 4 

75 5 

81.9 

77.6 

82 0 

46 8 

il.'iO” F 

1 i 

7S 1 1 

75 0 

1 84 5 

76 8 

83 6 

49 8 

1(X)® F_ . . - - 1 

> .3 1 

i 1 

7(» 0 1 

! 1 

59. 2 

! 80.9 

81 8 

76.2 

37.3 


The digestibility for the various constituents of the sun-cured 
grass and of that dried at 250°, 300°, and 350° F. showed no significant 
variation. The digestibility of the constituents in these rations was 
high, tlie average being 70 percent for dry matter, 76 for crude protein, 
<S3 for crude fiber, 73 for ether extract, 83 for nitrogen-free extract, 
and 44 for ash. The sun-cured grass was as efficiently digested as 
the grass dried by artificial means. 

When the temperature of drying was increased to a high level 
(i. e., the exhaust-gas temperature being 400° F.) for the purpose of 
securing maximum evaporation of moisture, a lowering of the digesti¬ 
bility of certain of the feed constituents resulted. The apparent 
digestibility of tlie constituents of pasture herbage dried at 250°, 
300°, and 350° was as higli as similar grass dried by 18 hours of 
exposure in the sunlight. The apparent digestibility of the crude 
protein of the grass dried at 400° was depressed since it was only 
78.3 percent of that of the grass dried at 350°. The apparent digesti¬ 
bility of the dry matter and nitrogen-free extract was also somewhat 
depressed, being practically the same as the green grass. These 
findings are in accord with results reported by Watson and Ferguson 
(18) who noted a depression of the digestibility of the protein of grass 
at an outlet temperature of 200° C. (392° F.). 

The apparent digestibility of the various nutrients when the sheep 
were receiving the green grass was not so high as when they were 
receiving the dried material. The reasons for this are not entirely 
apparent. The consumption of dry matter when the sheep were 
receiving green grass was approximately 15 percent greater than 
when they were on the dried-grass ration, wliich may account for a 
lower utilization of feed nutrients. 
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NITROGEN, CALCIUM, AND PHOSPHORUS BALANCES 

The data pertaining to the nitrogen, calciinn, and phosphorus 
balances of sheep receiving the rations of green, sun-cured, and 
artificially dehydratecl grass are giyen in table 7. The balance of 
nitrogen in each case was positive, indicating that the wethers were 
assimilating considerable of that constituent. Hxcept in the case of 
the grass dried at 400° F., there was from 2)2 to 3 times as mucli 
nitrogen recovered in the urine as in the feces indicating that the 
protein was digested, absorbed, and a large ])art of the nitrogen 
was eliminated. 


T\hle 7Crtttns of nHrocjvn, ralriutN, nnd phoxphonis iuqcMcd, roidvd, ond 
rvlftinvd btj shvvf) dniiiuj l^.-doff nirlahohsm lnai'< irith different rotiitns 


GREEN GH\SS, NO TREATMENT 


Sheep no 


Sheep 1. -- 
Sheep 2. 

Sheep 3 

Average-. 



Nitrogen 





I’ho.sphonis 

__ _ _ 


Voided 



Voided 



V’^oided 

•c 




% 

•r! 





.r- 




2 

bi. 




a 





a _ 

O' 


&> 

— 


c 

5 

% 

Q) 


c 

cs 

0 

C 3 

a) 



c 

u 

as 

0 


u. 



X 


X 


H 

X 

u 

ta 


h 

400 5 

r2/i 0 

308 1 

48.1 1 

57 4 

112 5 

12:1 2 

8 0 

120 8 

15 7 

\H) 0 

72 0 

0 4 

72 0 

7)27 4 

158 4 

32f5 8 

487i 2 

42 8 

15:1 2 

155 0 

1 0 

1.57 A 

14 1 

07 4 

80 4 

4 

80 7 

420 1 

114 0 

28:4 0 

808. 8 

27 8 

123 8 

112 8 

2 8 

115 0 

Ka 

78 7 

07 1 

2 

07 4 

478 0 

182. 7 

30f) 2 

488 8 

80.2 

J30 8 

1.80 5 

2 7 

i:48 2 

0 0 

88 0 

70 8 

8 

70 7 



17 7 

11 4 

12 14 


SI'N-CMIRET) GRASS, EXPOSED 18 IlOriiS 


Sheep 1 

400 0 

100 0 

297 8 

308 7 

07 

118 8 

! 00 2 

0 2 

00 5! 

13 8 

1 

1(K) 2 

74 Oi 

0 2 

Sheep 2.. 

40() 0 

1(K) 1 

808 1 

408 2 

57 8 

113 8 

102 8| 

1.0 

10:1.4 

10 0 

UK) 2 

74 7} 

2 

Average.- 

400 0 

1(K) 5 

802 0 

408 4 

02 0 

118 8 

100 8j 

o| 

101 4| 

12 0 

UK 1.2 


2 


GRASS ARTIKKGAT.LY DRIED AT 2.'i0“ F 


Sheep 1 _ 

484 7 

107 1 

271 0 

878 1 

.50 0! 113 2 

1W5. 2 

0 0 

07.4 

15 8 

Sheep 2 

434 7 

07 0 

887 1 

885 0 

40 0 

118 2 

08.0 

4 

00 0 

14 2 

Sheej) 4 , 

4:44 7 

107 5 

20:1 8 

371 4 

03 4 

118 2 

100 1 

5 

UK). 0 

12 0 

Average. .| 

434 7 

1041 

274 0 

878 2 

50 5 

118 2 

98 5 

1 

99 oj 

H2 


80 ll 

80 ll 
80 l| 

80 ij 


07 0 2' 07 Kj 

07 0 2! 07, sl 
71 l! 2i 71 o; 


08 y| 2 00 1 


12. A 
12 A 
8 Tj 

II.0 


GRASS ARTIFICIALLY DRIED AT HOO" F. 


Sheep 1 -.. . 
Sheep 2^ 
Sheep 4 . 

A verage 


442. 4 

100 0 

205 4 

374 2 

68 2 

118 7 

98 7 

0 4 

90 0 

19 7 80 4 

08 7 

0 2 

08 7 

1 

17 0 

442. 41 

105. 4 

278 4 

384. 7 

57 7 

118.7 

09 9 

4 

100 1 

18 0 80 4 

00 7 

.2 

00 SI 

10. 0 

442. 4 

lll.fi 

275. 0 

880 0 

.55 8 

118.7 

KM). 1 

8 

100 4 

18 81 80 4 

72 3 

2 

! 72 5 

13 0 

44^4 

108 fi 

272 9 

:i7r5| 

1 m 0 

118 7 

~’4H) .5 

4 

l)i) 9 

18 sj" 8(r4 

OO. 2 

•> 

1 

00 4 

17 0 


GRASS ARTIFK’IALLV DRIED AT IViO” F 


Sheej) 1- 

414 8 

97 0 

228 7 

320 8 

88 5 

95 5 

74 8 

0.8 

75 1 

20.4! 

78 7 

51 0 

0 1 

51 7 

22.0 

Sheep 2- 

452 5 

1112 

2.58.9 

805 1 

87.4 

104. 2 

90 0 

.0 

90 0 

18 Oj 

80 4 

01 8 

. 1 

02 1 

18 2 

Sheep 3- 

4.52 5 

114 0 

203. 4 

377. 3 

75.2 

104 2 

91 5 

.4 

92 0 

12 2 

80.4 

o;i 1 

1! 

fJ8 2 

17.2 

Average.. 

4.39 0 

_1 

107 0 

i_ 

248 0 

3.56 2 

8:1.8 

101. :i 

85 5 

4 

85 1 

1.5. 4 

'78 2 

58.8 

•'! 

5976 

r9.‘2 


GRASS ARTIFICIALLY DRIED AT 4(X)° F. 


Sheep 1. 

403.9 

109. 2 

171 8 

:i41 1 

02.8 

90 0 

9.3.0 

Sheep 2 .... 

441.4 

178.2 

202 0 

881. 1 

00 4 

105 0 

102. 0 

Sheep 4. 

441.4 

177.7 

218. 6 

390. :i 

45. I 

105 0 

104 7 

Average.. 

428 9 

175.0 

iotTk 

372 8 

5oTT 

102*0 

99 9 


0.2 

9:1 2 

:i. 4 

81.8 

.2 

102 2 

:i.4 

89.4 

.2 

10.5.0 

.0 

89 4 

" .2 

166.1 

2 5 

80.8 


<10 7 

0.2 

<10.8 

14.9 

71.8 

.2 

71.5 

17 9 

7.5. 5 

.2 

7.5.7 

13.7 

h.2 

“I 

71.3 

!_ 

15.5 


4 This was a minus quantity. 
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The percentage of nitrogen retained was small and varied consider- 
ably with the feeding of the different grass rations. The lowest re¬ 
tention of nitrogen occurred in the experiment with green grass, the 
average being about 8 percent. The nitrogen recovered in the feces 
(table 7) was somewhat higher during this trial than on subsequent 
experiments except for the ^rass dried at 400® F. where there was a 
marked depression of the digestibility of the protein. The highest 
retention of nitrogen occurred when the sheep were receiving the grass 
(leliydrated at 350®. During this trial 19 percent of the ingested 
nitrogen was retained. There was little variation in the nitrogen 
balances of sheep when on the rations of sun-cured grass as compared 
with dehydrated grass dried at either 250®, 300®, or 400°. 

The sheep maintained positive calcium balances during each trial, 
with tlie exception of sheep no. 2 when it was receiving green grass. 
This animal failed to utilize any of the calcium in the green grass. 
Then' were decided variations in the utilization of calcium by the 
three sheep during this experiment. This variation may be accounted 
for by the fa(‘t tliat tliis was the first trial and the sheep had been on 
an unknown diet in the stockyard for some time prior to these studies. 
Such variations were not encountered in subsequent trials. The 
average calcium balances were not significantly different when the 
slieep n'ceived rations of sun-cured grass and dehvdrated grass dried 
at 250®, 300®, and 350® F. 

The sheep receiving rations of pasture grass dried at 400® F. did 
not utilize the ealcium of the rations as efficiently as when receiving 
similar herbage dried at lower temperatures or cured in the sun. The 
average calcium balance for sheep receiving rations of grass dried at 
400° F. was +2.5 as compared with a balance of +15.4 when receiv¬ 
ing grass dried at 350® and a balance of +12.0 when receiving the 
sun-cured grass. The average calcium balance for the grass dried 
at 400® was only 10.2 percent as great as for the grass dried at 350® 
and 20.8 percent as great as for the sun-cured grass. 

There was considerably more phosphorus than calcium retained by 
the sheej) when receiving tlie green grass. The phosphorus balance 
was high(*st w’lien tlie wndhers w^ere receiving the sun-cured grass. 
Apparentlv the condition causing tlie poor utilization of calcium in the 
grass dried at 400® F. did not affect tlie availability of the phosphorus. 
The utilization of phosphorus from this grass was approximately as 
high as from the other dehydrated samples. 

The average daily intake of calcium on tlie various rations was as 
follows: (Ireen grass, 10.0 g; sun-cured grass, 8.1 g; artificially dehy¬ 
drated gravss dried at 250® F., 8.1 g; dried at 300°, 8.4 g; at 350®, 7.2 g; 
and at 400®, 7.3 g. The average daily consumption of phosphorus 
by the sheep on the rations listed was 6.4, 7.2, 5.7, 6.2, 5.6, and 6.2 g, 
respectively. According to Fraps (8) this amount of calcium and 
jihosphorus is considerably in excess of the needs of the wethers used 
in this experiment. He states that in order for sheep weighing about 
100 pounds to maintain a mineral balance they should receive approxi¬ 
mately 2 g calcium and 0.54 g phosphorus in their daily ration. While 
there is some variation in the calcium and phosphorus content of the 
various rations, this difference does not seem great enough to cause 
the wide variation in retention of these constituents. The retention 
of calcium and phosphorus does not seem to bear any relation to the 
calcium-phosphorus ratio of the rations. The retention of calcium 
i25:i:io—-r» 
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and phosphonis during the first two trials, which included rations of 
green and sun-cured grass, may have been influenced by the previous 
unknown diet of the sheep. While 14-day' mineral-balance trials 
do not give as definite results as longer trials, it does not seem probable 
that possible deficiencies in prc-experimental rations could have car¬ 
ried through to the trial with the grass dried at 400® F. which fol¬ 
lowed 16 wec'ks of feeding on similar rations of high calcium or phos¬ 
phorus content. It would seem, therefore, that artificial drying of 
the grass at 400® definitely lowered the calcium retention. 

COLOR DETERMINATIONS 

A comparison of the color of the different rations of the dried })as- 
ture grass is given in table 8. Conversion factors for measuring the 
percentage of natural color of pasture herbage have not been devel¬ 
oped and it is therefore necessary to use those established for alfalfa 
hay to make the comparison. It is thought that the conversion fac¬ 
tors for alfalfa are somewhat high for pasture herbage. The ])ercent- 
age of natural color was highest in the grass that was dried in tlie 
sun. This sample of grass was spread thinly on a canvas and ex])osed 
to the sunlight. It was taken in at night so was not wet by either 
rain or dew. This indicates that exposure to moisture is probably 
a more important factor in causing loss of color than exposure to light. 
It is probable that grass cured under these conditions would show' a 
higher degree of natural color than ordinary field-cured hay. There 
were only slight differences between the ]>ercentage of natural color 
of the sun-cured grass and that of grass dried at 2,50® and 300® F. 
The color of the dehydrated samples, how^ever, might have been higher 
had they been dried immediately after cutting, rather than allow ed to 
wilt overnight. The percentage of natural color of the grass dried 
at 400® was only 76.3 percent of that dried at 250®. The importance 
of providing forage of a high natural color is indicated by Graves (,9) 
who reports a relation between tlie green color and the assirnilahh* 
carotene of the feed as well as the yellow' color of butterfat i)roduced 
from the feed. 


Table 8, —Relation of temperature of drying to the percentage of natural color of 
artificially dried pasture grass 


Treatment of grass 


Sun-cured grass, exposed on canvas 18 hours 
(Jrass artificially dried at exhaust temperature of 
250®P\-_ .. 

300° F .. 

350° F_ --- .... _ . 

400° F , ... _ 



A verage 
Munsell 
hue 

reading j 

Percent¬ 
age of 
natural 
color 

(Irade in terms 
of alfalfa 

- 

0 50 

78 

Extra green 


» 22 

76 

Do 

_ 

8.81 

74 

Grade 1 

- . . 

7.28 

05 

Do. 

“ - 

6 15 

58 

Grade 2. 


SUMMARY AND CONCLUSIONS 

Six digestive and mineral-balance trials were conducted to deter¬ 
mine the effect of the temperature of artificial drying on the apparent 
digestibility and availability of the feed nutrients in 3-week-old mixed 

K ture grass. The grass mixture contained about 40 percent of Eng- 
ryegrass, 40 percent of Italian ryegrass, and 20 percent of white 





Jan Jfi, 1936 


Effect of Artificial Drying on Pasture Herbage 


163 


clover. Exclusive rations of green grass, sun-cured grass, and artifi¬ 
cially dehydrated grass dried at exhaust-gas temperatures of 250*^, 
300°, 350°, and 400° F. were fed to yearling wethers for periods of 21 
(lays, the first 7 of which were preliminary periods. 

The percentage of apparent digestibility of the feed constituents 
in the rations of sun-cured grass and artificially dehydrated grass dried 
at 250°, 300°, and 350° F. showed no significant differences, indicating 
that artificial drying at these temperatures had no deleterious effect 
upon the availability of the nutrients. The percentage of apparent 
digestibility of the nutrients in the rations of sun-cured grass and de¬ 
hydrated grass dried at 250°, 300°, and 350° F. averaged for dry 
matter, 70 ; for crude protein, 76; for crude fiber, 83 ; for ether extract, 
73; for nitrogen-free extract, 83; and for ash, 44. 

The results of feeding pasture grass artificially dehydrated at 400° 
F. showed that this teniperature of drying had a depressing effect on 
the apparent digestibility of the crude protein, dry matter, and nitro¬ 
gen-free extract. There was sonie evidence of burning of the more 
leafy portions of the herbage when dehydrated at 400° F. 

Tlie apparent digestibility of dry matter, crude protein, crude fiber, 
and nitrogen-free extract was slightly lower for the green grass than 
for the dried samples, with the exception of that dried at 400° F. 

Positive balances of nitrogen, calcium, and phosphorus were main¬ 
tained by the sheep receiving the six different rations. There was 
no apparent relationship between the average nitrogen balance and 
the temperature of artificial drying. 

The average calcium balance for the grass dried at 400° F. was 
very low as compared with the balance for the other dried samples, 
siru'e it was only 10 percent of the balance obtained for the grass dried 
at 350° F. The factor causing the low calcium balance for the grass 
dried at 400° did not act accordingly on the phosphorus. 

Under the conditions of this exjDcriment, the percentage of natural 
color of the herbage was highest in the sample cured in the sun. As 
the exhaust-gas temperature was increased by 50-degree intervals from 
250° to 400° F. in drying the different samjdes there was a definite 
lowering of the })ercentage of natural color in the herbage. The per¬ 
centage of natural color of the herbage dried at an exhaust-gas tempera¬ 
ture of 400° was only 70.3 percent of that dried at 250°. 

From the standpoint of the feeding value of the dried product, it is 
apparent that artificial drying at 400° F. is an uneconomical practice 
with the machine used in this experiment. Probably the most effi¬ 
cient temperature at which to operate this machine is from 300° to 
350°. If high temperatures are employed in the commercial drier 
without running the temperature at the exhaust end as high as those 
found t() be detrimental in this experiment, forage may probably be 
driecl with little or no depressing effect on the digestibility of the 
nutrients. Undoubtedly the digestibility of the nutrients in herbage 
is also influenced by the length of time during w’hich it is subjected 
to relatively high temperatures. 
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THE THERMOPHILIC FERMENTATION OF BEET PULP ‘ 


By (). L. OsBUKN, agentj Industrial Farm Products DivisioUj Bureau of Chem¬ 
istry and Soilsy United States Department of AgriculturCy and Iowa State College; 
J. Stritau, Research fellow in bacteriology, and C. H. Werkman, research 
bncleriologisl, Iowa Agriculture Experiment Station, and consultant. Bureau of 
Chemistry and Soils, United States Department of Agriculture. 

INTRODUCTION 

The nieciuxnisms of the dissimilative processes involved in the 
thermophilic fermentation of complex substances such as beet pulp 
are not clear, but for practical purposes the fermentation may be 
considered essentially as the break-down of the various carbohydrate 
constituents, i. e,, pectin, pentosans, cellulose, and residual sugars. 
The importance of the bacterial decomposition of cellulose has been 
pointed out by Lymn and Langwell {HYy Tetrault {15), Coolhaas 
{2), Fred, Peterson, and coworkers {9, 12, 16), and others. The 
])roducts of this fermentation arc acetic and butyric acids, ethyl 
alcoliol, carbon dioxide, hydrogen, and methane. Lymn and Langwell 
rejxort wide variations in the yields as a result of maniixulative treat¬ 
ment of tlie cultures. Of almost equal importance, not only indus¬ 
trially but also from an agricultural standpoint, is the fermentation 
of the hemicelluloses and, of somewhat less importance, of the pectins, 
both of which occur widely distributed in agricultural wastes. Al¬ 
though the thermophilic fermentation of cellulose has been studied for 
many years, that of the other important constituents of plant tissues 
for the most part has been neglected. 

The present work on the thermophilic fermentation of beet pulp 
was undertaken with a view to effecting the utilization of an important 
agricultural byproduct. The important products of this fermentation 
are acetic and butyric acids, but hydrogen and carbon dioxide are also 
formed. 

EXPERIMENTAL 

MATERIALS AND CULTURES 

Two kinds of beet ])ul}) were used in the fermentations. One was 
tlie dried eossettes left after the extraction of the sugar at the factory; 
the other was obtained by adding waste molasses to the eossettes and 
drying (table 1). 


Table —Percentage composition of beet pulps used 


Mate! id 

Pento¬ 
sans j 

Pectin 

(’ellu- 

lose 

Commercial beet pulp 

16 0 

34 0 

IK 0 

Heel pulj) plu.v molassas... 

110 

26 5 

12 6 


Total 

sugar 

Lignin 

Ether 

extract 

Crude 

protein 

.Vsh 

Mois 

ture 

3.2 

2 5 

3 5 

9 6 

2 7 

- 

17 0 

2.2 

1 1 

19.9 

5.4 

5 


Mixed bacterial cultures were obtained from sod-manure compost, 
garden soil, and stable and sheep manure. Enrichment cultures were 
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made by inoculating? small quantities of beet-pulp broth and incu¬ 
bating anaerobically at 00° C. for about 48 hours. All fermentations 
were carried out anaerobically at 60°. In the later stages of the work 
the only cultures used were enrichment cultures from garden soil, 
since the products yielded were practically the same in all cases. 

BACTERIOLOGICAL STUDIES 

The bacteriological study of the fennentation of plant tissues offers 
many points of interest and many difficulties. It seemed a remote 
possibility that the complete fermentation of a complex substance 
such as beet pulp would be brought about by a single bacterial species. 
It was soon found impracticable, however, to attempt to use pure 
cultures. After a few transfers had been made the fermentations 
became sluggish. Purified pectin in concentrations of 0.5 to 2 per¬ 
cent was used in media w^hich w^ere inoculated with crude cultures and 
fermented in anaerobic jars. Ammonium chloride was used as a 
source of nitrogen in some cases; peptone w'as used in others. A fairly 
active fermentation resulted in all cases. Similar media were pre¬ 
pared, and adjusted to pH 7.0, and transfers were made from the 
original fermentations. Varying quantities of the fermenting broth 
were used as inocuJa. These fermentations were less \'igorous. 
Repeated transfers led to sluggish fermentations. The same exi)eri- 
ence was encountered in the fermentation of purified xylan. The 
second transfer brought about a very slow fermentation. 

For the isolation of colonies a beet-pulp yeast-infusion agar was 
used. About 100 g of beet pulp and 50 g of dried yeast in 1 1 of 
water were heated for 15 minutes in the autoclave. After cooling, 
the supernatant liquid was decanted. Two grams of dijiotassium 
phosphate and 15 g of agar were added, and the medium was again 
sterilized in the autoclave. The medium was always heated in the 
autoclave just before being used. Plates were prepared from suitable 
dilutions of actively fermenting cultures. These plates were placed 
in vacuum desiccators with actively fermenting broth in the bottom. 
The desiccators were evacuated and filled with carbon dioxide, and 
the process was repeated several times. The evolution of gas from 
the growing cultures in the bottoms of the desiccators maintained a 
positive carbon dioxide pressure and effectively jirevented the dift’u- 
sion of air into the vessels. Smooth, translucent colonies grew in 
24 to 48 hours. 

The colonies were transplanted into flasks of beet-pulp broth made 
from beet pulp containing 17 percent sugar. In a few of the flasks 
a fairly active fermentation occurred. Transfers were made from 
these ilasks to sugar-free beet pulp, but the fermentations were very 
slow and unsatisfactory. None of the colonies isolated was regarded 
as a pure culture; consequently the cultural characteristics were not 
determined. 

The repeated transfer of cultures from one beet-pulp broth to 
another had the effect of lessening the vigor of fermentation. More 
formic acid was found in solution after a few transfers were made, 
but no definite relationship could be established. The effect of the 
transfer of cultures is indicated in table 2. The building up of an 
active culture for this fermentation is of considerable importance 
and should be given further study, especially for the decomposition 
of pentosans. 
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Table 2. —Effect of transferring culture on thermophilic fermentation of beet pulp^ 


Times transferred 

Total aci<i 
produced * 

Formic 

acid 

1 

Times transferred 

! 

Total acid 
produced * 

Formic 

acid 

L „ _ 

Orams 

21 

18 

15 

PercetU 
52 5 
45 0 
37.5 

Percent 

0.0 

1.0 

10.0 

5 __ 

5_ _ 

Grame 

0 

14 

8 

Percent 

22.5 

36.0 

20.0 

Percent 

5.0 

7.5 

2.0 


1 40 grams of beet pulp in each sample 
* Caleulatefl as acetic acid. 


While the bacteriological aspects of this work are of scientific and 
])ractical importance, it was necessary for the time being to set them 
aside and continue with the more practical use of crude cultures for 
the utilization of various forms of agricultural wastes. 

ANALYTICAL METHODS 

Proximate analyses of the beet pulp were made for the constituents 
shown in table 1. The official current methods of the Association of 
Official Agricultural Chemists (1) were used for the determination of 
sugars, fientosans, crude ether extracts, protein, moisture, and ash. 
Cellulose was determined by the method of Mehta (6), Pectin was 
extracted from the pulp with 0.5 percent ammonium oxalate, accord¬ 
ing to the method of Schryver and Haynes (/f), and determined by 
the procedure recommended by Nanji, Paton, and Ling (7). Lignin 
was determined by Schorgor's method (W). 

According to Schryver and Haynes (f/), pectin yields 19.8 percent 
of furfural. Corrections were made accordingly in the determination 
of the pentosans. 

After the fermentations were complete, the liquors were filtered, 
and analyses were made on both the liquids and solid residues to 
determine the unaltered constituents. It is possible that the pectin 
may not have been completely fermented, yet partly hydrolyzed or 
altered in such a manner as to escape detection after fermentation. 
The routine examinations for pectin were made after the fermentation. 

The volatile acids produced were steam-distilled from an aliquot 
of the fermentation liquor which had been adjusted to an approxi¬ 
mate pH of 4 with sulphuric acid. The acids were determined by 
the partition method, as described by Osburn and Workman (8). 

Carbon dioxide and hydrogen were determined by collecting the 
gas over water and analyzing the gas mixture in the usual manner. 
Various forms of apparatus for the collection of gas were made and 
studied. For thermophilic work the simple expedient mentioned 
above was the most efficient. 

FERMENTATION STUDIES 
Oxygen Requirements 

Three series of experiments were set up in order to study the oxygen 
requirements of the organisms. (1) The quantities of beet pulp 
given in table 3 were added to 1,500 cc of water. Five grams of 
ammonium chloride and two grams of dipotassium phosphate were 
added. After inoculation the flasks were aerated for the time indi¬ 
cated. (2) The flasks were stoppered loosely with cotton and shaken 
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several times a day. (3) In the third series, various kinds of anaer¬ 
obic apparatus were constructed and used, in some of which elaborate 
precautions were taken to exclude air. Time and convenience con¬ 
sidered, the most efficient was a flask of suitable size with a rubber 
stopper carrying 2 delivery tubes, I of which dipped into mercury. 
After the medium was inoculated, oxygen-free nitrogen was blown 
through the flask, and the second delivery tube was sealed. The 
media were boiled immediately before inoculation to remove air. 
The data in table 3 indicate that strictly anaerobic conditions result 
in more complete decomposition of the beet pulp. 

Table 3.- —Effect of oxygen tension on the thermophilic fermentation of beet pulp' 

AKRATEI) (UM/IM KK 


Duration of experimcut fdays) 

'ToIhI acid 1 
produced ? 


AckIp prpsen 

Propionic 

f 

Butyric 

20_ - _ _ _ 

10--.. .. .- _ 

Grams 

1 10 

1 10 

Percent 

0) 

C) 

Pircent 

(') 

0) 

Percent 

(■) 

(') 

COTTON-STOPPERED FLAS K 



10_ _ _ . - 

« ... ... . ... . .. 
16 . _ .. . 

12 50 
10 ;i7 
14 75 

1 


0 

0 

0 

11 0 
IS 5 
20 5 

ANAEROBIC CULTURE 




10. .. _ _ 

13 14 

57 5 

33 8 

8 5 

10.- ... __ 

13 00 

00 H 

23 0 

7 2 

10.. . . 

H) 20 

80. S 

0 

10 0 

10.... .. . 

10 10 

1 

70 7 

1 

0 

20 3 


‘ 40 gmins of beet pulp in each sample ^ Calculated as acetic 3 determiiiPd 


Influekcb of pH 

Anaerobic fermentations were conducted at pll levels of fiA, 7:2, 
and 9.0, as nearly as they could be controlled. For the fermentation 
at pH 5.4, chlorphenol red was used as an indicator. The broth w as 
neutralized as required. The mdicator mixtures for the other two 
fermentations were prepared according; to the method of Kolthofl' and 
Menzel (5). At pII 7.2 a mLxture of 1 part of O.l-pcrcent brojn- 
thymol blue and 1 part of 0.1-percent ])henol red was used. The 
color changed froni yellow to green at pH 7.2 and finally to dee]) 
violet at 7.6. Owing to the coloration of the medium, the color 
changes were sometimes difficult to observe, especially if iron salts 
were present. At pH 9, 1 part of 0.1-percent thvmol blue and 3 
parts of 0.1-percent phenolphthalein were used. The broth in all 
cases was neutralized with sodium hydroxide as required. 

The data are given in tables 4 and 5. Complete analyses were made 
before and after fermentation. The periods of fermentation ranged 
from 4 to 8 days. It is noteworthy that no hydrogen was produced at 
pH 9.0 and that while the volatile acids were nearly doubled, as com¬ 
pared with those in the fermentation at 5.4, the grams of carbon 
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dioxide remained nearly constant (table 5). Very little is known con¬ 
cerning the mechanism of the fermentation of complex substances. 
Free sugars could never be detected, nor could any intermediate coin- 
])ounds be isolated. The jiroducts of fermentation account for 78 
percent (at pH 5.4) to 85 percent (at pH 9.0) of the carbon fermented. 
Ehrlich^s (5) formula for beet pectin was used in making the calcula¬ 
tions. According to the method of Johnson, Peterson, and Fred (4) 
for calculating tlie oxidation-reduction balance of the products of 
fermentation, there is an excess of oxidized products in each fermenta¬ 
tion. At pH 9.0 the oxidation products are much in excess (^“ 0.70 
to 4 0.25). The residue of imfermented beet pulp, including the pro¬ 
tein and possibly vsome degradation products of pectin, is far too 
complex to ])ermit conjecture as to any reduction products unac¬ 
counted for, or the nonappeai'ance of hydrogen at pH 9.0. 


4 - RcsuK.s nj Ihcrmnphihr fcrmrntatKm of l)cvi~pul ft conutHuents at 
(hffn'cat p11 Inuis 



I'H 

.5 1 (100 

1 

r.K) I 

1 

nil 

7 2 (101 4 k) 

1 

pH 9 0 (102 5 k) 

(’oHstlllK'llf 

OriKi- 


1 

1 

OiiKl- ! 

1 

1 

1 

1 

OriKi- 

1 

i 



nal 

1 Feniiento<l 

nal 

1 FeriiuMited 

nal 

Fennenled 

! 

saini>le, 


i 

sample 



sample 




dm ms 

1 

Grams 

Pnidit] 

Grams 

Grams 

P(T<'(nt 

Gra ms 

Grams 

Percent 

1'otal MjjiJii.s 

17 1 

17 1 

1(N) 0 1 

17 2 i 

17 2 

100 0 

17 4 

17.4 

100 0 

rot'tin 

2« fi 

20 H 

7H 2 ' 

20 9 

2() 9 

KM) 0 

27 3 

27.3 

100 0 

I’l'iito.sans 

11 1 

H 

77. .'i i 

11 2 i 

H 9 

79 4 

11 3 

9 7 

H5 S 

CcllllloM' I 

12 (i 

2 1 

10 0 j 

12 7 j 

1 .3 j 

10 2 , 

12 S 

7 2 1 

50 2 

I.itfiiiii ... 

2 2 

9 

0 ; 

1 

2 2 

1 

" I 

2 3 

O 

0 


'^r\Hi.K T) J*io(hn’(it of iherniophtlic frrnK'oiation of heel pulp of different pH levels 



Product 



pH 5 4 
(KM) 5 k) 

pH 7 2 
(101 4 K) 

pH 9 0 
(102 5 K) 

lI.vdroKcn 
('urhoii dioxide 
'Polal acid 




Grams 

0 37 
14 70 
27 30 

Grams 

0 2.1 
14 W) 
.34 21 

Grams 

0) 

15 m 
42 00 

Foriiiic. 

\cefic 

Ptopionic 
liulyiic-. . . 




1 

13 20 { 
0 fM) 

7 50 

11 
10 70 

9 20 

S 20 

00 
20 40 
12 10 
3 50 


> None * 


KFFI(’n‘;N(’Y OF XECTRALIZlNiJ A(JE\TS 

Calcium carbonate, sodiirm bicarbonate, and sodium hydroxide were 
used as neutralizing agents. The quantities of sugar-free pulp shown 
in table (> were inoculated with soil-enrichment cultures. An excess 
of calcium carbonate was added to some of the flasks. Enough sodiiun 
bicarbonate to neutralize acetic acid equivalent to half the weight of 
the sample of beet pulp used was added to each of the flasks used in 
experiment 2, and the third set was neutralized from time to time with 
sodium hydroxide. The results given in table G indicate that sodium 
bicarbonate is the most efficient neutralizing agent used. Sodium 
carbonate would be used in large-scale operations. Sodium hydroxide 
would probably be e((ually efficient if the pH value could be more 
closely controlled. The inefficiency of calcium carbonate is probably 
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due to the low pH. The pH remained between 4 and 5 during the 
experiment. Stirring was purposely avoided. 


Table 6. —Efficiency of various neutralizing agents as evidenced by acid production 
in the fermentation of beet pvlp ‘ 


Neutralizing agent 

Acid produced z 

Neutralizing agent 

Acid produced » 

CaCOa... __- 

CaCO.a.-.. 

NallCOa. - -- 

Grams 
fi 0 
5.2 
15 0 

__i 

Percent 

15 0 
15 5 
40 0 

NaHCOj.. 

NaOH-- --i 

NaOH. 

Grams 

15 8 
10 0 
11.5 

Percent 

39 5 
25 0 
28 7 


1 40 Rrains of sugar-free beet pulp in each sample 
z (’'alculaled as acetic 


Fermentation of the Different Constituents of Beet PuiiP 

A series of fermentations was conducted to determine further the 
optimum conditions. Complete proximate analyses were made after 
fermentation in order to determine the iinfermented coniponents of 
the pulp. Thirty grams of sugar-free beet pulp, 5 g of ammonium 
chloride, and 2 g of dipotassium phosphate were added to 1,500 cc of 
water in 2~1 flasks. The flasks were inoculated with enrichment cul¬ 
tures from soil. The grams of each component in the sample and the 
percentage of each component fermented are ^ven in table 7. The 
yields and compositions of the acids are given in table 8. 

Table T.-- Fermentation of beet-pvlp constituents under different experimental 

conditions ^ - 


(Constituent 

Original 

sample 



Fermented in— 



Flask 1 

Flask 2 

Flask 3 

Flask 4 

Flask 5 

Flask 0 


Grams 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Pento.sans_ . - --- 

4 02 

87 0 

87 5 

70 0 

W) 0 

80 5 

78.0 

Pectin. .. - - 

10 02 

58 5 

75 0 

02 0 

58.0 

74 0 

59 0 

Total sugars . 

70 

100.0 

100.0 

100 0 

100 0 

100 0 

KK) 0 

(’ellulose... . _ 

5 37 

82 5 

84 5 

0.5 

88 0 

89 0 

30 4 

Lignin... 

07 

0 

0 

0 

0 

0 

0 


1 30 grams of pulp in each sample 

* Hydrogen gas was pas.sed through flasks 1, 2, and 3. 15 g of sodium bicarbonate was added to flasks 1 
and 2 at the time of inoculation, flask 3 was neutralized with sodium hydroxide (to phenolphthalein) as 
required. Carbon dioxide was passed through flasks 4, 5, and 6 15 g of sodium bicarbonate was added to 
flasks 4 and 5; flask 0 was neutralized with sodium hydroxide as required 


Table 8. —Acids produced by fermentation of beet-pulp constituents under the 
different conditions shown in table 7 


Flask no. 

Total 
acid pro¬ 
duced 

Acids pre.seiit * 

Flask no 

Total 

Acids present ‘ 

Formic 

Acetic 

Butyric 

acid pro¬ 
duced 

Formic 

Acetic 

Percent 

85 

86 
85 

Butyric 

Percent 

15 

14 

15 

, . —' 

Grams 
11 1 
12.0 
7.1 

Percent 

0 

0 

27 

Percent 

80 

76 

00 

Percent 

14 

24 

13 

4. 

6.. 

«. 

Grams 

13.1 

14.7 

7 5 

Percent 

0 

0 

0 


1 No propionic acid produced 
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The greatest efiect is to be noted in the fermentation of cellulose. 
In the presence of the sodium bicarbonate, upwards of 80 percent of 
the cellulose was fermented; whereas in the other flasks only small 
percentages were fermented. It is possible that a strain of specific 
cellulose-fermenting organisms is present in the crude cultures and that 
conditions for their growth in flasks 3 and 6 were unfavorable. A 
pure culture of cellulose-fermenting organisjns did not ferment beet 
pulp. The pure culture of Snieszko (/§), Peterson, and Fred,*^ while 
active in a cellulose medium, failed entirely to ferment beet pulp. 

Lignin was not altered during the period of the fermentation. 
A])parently pectin is somewhat resistant to fermentation, only about 
75 percent breaking down under the most favorable conditions. 

Pure cellulose is readily fermented when it is added to beet pulp 
and inoculated with crude cultures frojii the soil. Ten grams of beet 
])ulp and five grams of filter paper in 800 cc of water were inoculated 
with 25 cc of a soil-enrichment culture. The cellulose was entirely fer¬ 
mented at the end of 7 days. The yield of acids was equivalent to 
()0 ])ercent of the combined weight of pulp and filter paper. The 
possibilities of the utilization of mixed substrates are being further 
investigated in this laboratory. 

Fermentations conducted under optimum conditions as determined 
by ])revious experiments gave yields of acids ranging from 35 to 53 
percent of the weight of the beet pulp. The higher yields were 
obtained from the pulp containing about 17 percent total sugars. 
Typical results are given in table 9. 

T\ble 9 -RfsuliH of thermophilic fermentation of beet pulp with soil’Cnrichment 

cullurett 









1 


1 Acids present 

Pulf) in sample fgrnm.s) 

j 'Pot 111 acid produced > 

— 






F'ormic 

.\cefic 

Butyric 


1 Oram.' 

Percent 

Percent 

Percent 

Percent 

500_ _ . . 

207 

53. 4 

0.0 

91.0 

9 0 

-500.. 

26S 

53. 0 

.0 

91.0 

9.0 

.500 ... 

2.50 

.50 0 

0 

89.5 

10.6 

50.. .... 

20 

52.0 

3 0 

80.5 

10.5 

40 2... 

1 

45. 0 

2 0 

85 0 

13 0 

40 2 

10 

40 0 

0 

81.6 

18 5 

40 2. 

14 

35 0 

.0 

85 0 

15 0 

- — . _- 

_ 


1 

_ 

..._ 


' Calculated as acetic acid * Sugar-free beet pulp. 


SUMMARY 

The thermophilic fenneiitation of beet pulp by soil-enrichment 
cultures has been found to be Jiiost efficient at pH 9.0 under strictly 
anaerobic conditions. 

Acetic* and butyric acids, and occasionally propionic acid, were 
formed. The jnaximum vield was 53 percent of the weight of the beet 
pulp. 

The cellulose, pectin, and pentosans of beet pulp were fermented 
at about the same rates. Lignin was unaltered. 

Repeated transfers of the crude cultures led to sluggish fermenta¬ 
tion. 


Kindly furnished by Dr. FrtMi. 
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THE ISOLATION AND DISTRIBUTION OF NITROGEN IN 
DILUTE ALKALI-SOLUBLE PROTEINS OF HEALTHY 
VALENCIA AND WASHINGTON NAVEL ORANGE 
FRUITS* 

By W. B. SiN(’LAiK, rvmm'h asHociate in plant physiology, and E. T. Bar¬ 
tholomew, associate plant physiologist, (California Agricultural Experiment 
Station, and R. D. Nedvidek, chemist, California Fruit (irowers Exchange 

INTRODITCTION 

Jt is <]:eiuM*ally rocopnized that the application of nitrogenous 
fertilizers to the soil has an important bearing on the metabolism of 
the tree and on the production of normal fruit, and yet the 

|)erceritage of total nitrogen in the mature fruit is very low. The 
eflect of nitrogenous fertilization on the accumulation of nitrogen in 
the tissues has not been determined for citrus ns it has been for certain 
other plants. 

This ])aper presents the results of one phase of a general investiga¬ 
tion of the nitrogenous constituents of citrus fruits. The investiga¬ 
tion includes a study of the effects of fumigation, sprays, storage, and 
other fac'tors on these constituents. The jiresent paper deals only 
with the isolation and distribution of nitrogen in the proteins of the 
solids in the edible portion of healthy orange fruits. 

RK.VIKVV OF LITER.VniRK 

Very few jiapers have been published liearing on the organic iorms 
of nitrogen existing in (VitruH^ and practi(‘ally no (‘orrelation has been 
made of their function in metabolism. 

Smith (/;?)• isolated a ])rotein from the edible portion of the orange 
and veiT briefly described its general properties. It was found to be 
solulilc in dilute alkali (0.3 percent) and insolulile in water, neutral 
salts, and weak acids. It was not coagulated by heat in neutral or 
alkaline solution and it possessed an isoelectric point of pH 4.7. 

Nel.son, Mottern, and Kddy (/>) identified nitrogenous compounds 
such as arginine, asparagine, choline, and stachydrine, and a mixture 
of monoamino acids in the juice of the Valencia orange. 

Saunders {12) and Rotha and Saunders {11) treated orange-seed 
meal with various alkali halides in normal concentrations and ob¬ 
served that the various salts extracted tlie same amounts of nitrogen. 
They also found that the protein isolated by each of these different 
salts had the same amount of nitrogen. As a result of their work they 
concluded that they were dealing with a, definite globulin and that 
this was the only type of protein existing in the seed of the orange. 

The proteins which have been found in the edible portion of the 
orange and which are characterized by being insoluble in neutral 
solvents but soluble in dilute acids and alkalis (5), are not commonly 
found in fleshy, acid fruits. They usually occur in the endosperms of 

‘ Received for imbllcalion Oct 19, 1934, issued April, 1936. Paiier no 312, TTuiversily o( California 
Citrus Exiierinient Station and Oraduate School of Tropical Afinculture, Riverside, Calif. 

* Reference is uiaiie by number (italic) to Literature (Mted, p. 180. 
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seeds, as found by Larmour (^), and may exist in iho cytoplasm of the 
green tissues, as found by Cliibnall (5), wlio isolated such a protein 
from spinach leaves. 


EXPERIMENTAL METHODS 

ISOLATION OF THE PJiOTFJN 

The method used in extracting the protein from the Valencia orange 
fruit was a modification of tlie method used by Smith (13). It was 
as follows: 

Pulp of burred oranges or separator pulp was washed with cold 
water. Separator pulp” is the term applied to the suspended solids 
which have been thrown down by centrifuging the mechanically 
macerated, fleshy part of the fruit. The washed pulf) was then ex¬ 
tracted with an equal volume of 95-percent alcohol containing 1-per- 
cent NaOH. This material was filtered through cotton cloth. The 
j)ulp was discarded and an equal volume of water was added to the 
filtrate. Acetic acid was added slowly to the filtrate to bring it to pH 
4.7, at which point the protein settled out as a flocculent precipitate. 
The precipitate was washed with distilled water until acid-free. It 
was then extracted with alcohol (95 percent) to remove color, and 
finally washed with absolute alcohol and anhydrous ether and dried 
in a vacuum oven at 40° C. 

The protein was then placed in a ().3-percent NaOH solution and 
filtered. Much of this imiterial would not dissolve in 0.3-j)ercent 
alkali. The insoluble residue was treated with 0.3-perccnt alkali 
until solution of the protein ceased. The protein wuis then f)recipi- 
tated at pll 4.7 with acetic acid. The processes of dissolving and 
precipitating were repeated three times. Finally the precipitated 
protein was washed with 95-percent alcohol, absolute alcohol, and 
anhydrous ether, and was dried in a vacuum oven at 40° C. The 
protein was then in the form of a. friable, grayish-white powder. 

A more elaborate i)rocedure was required for the extraction of 
protein from the Washington navel orange. (\)inj)lications arose 
owing to the possible existence of two proteins in the pulp. The 
protein material also appeared to be more firmly associated with tlie 
chromophores than in the Valencia orange. The method employed 
for isolating protein material from the Washington navel orange was 
as follows: 

The pulp was washed with hot water. Tlie washed ])ulp was ex¬ 
tracted three times with 95-percent ethyl alcohol to free the material 
of pigments. The pulp was then dried'in vacuum and subsequently 
extracted with 5-perccnt NaOH. The alkali extract was treated witli 
2 volumes of 95-percent ethyl alcohol and filtered. The protein was 
precipitated from the filtrate with acetic acid at pH 4.0 to 4.7. After 
the material had been washed free of acid with distilled water, it was 
shaken with 95-percent alcohol containing 1-percent NaOH. Some 
of the precipitated protein was dissolved in this solution and was 
designated as protein A, while that which remained insoluble in the 
alcoholic alkali was designated as protein B. 

The solution containing protein A was precipitated at pH 4.6 to 4.7 
with acetic acid and filtered. The acid was removed from the filtrate 
by washing with distilled water, the color was removed by using 95- 
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percent ethyl alcohol, and, finally, the precipitate was washed with 
anhydrous ether and dried in a vacuum oven at 40° C. 

Preliminary tests demonstrated that this product was contami¬ 
nated with carbohydrates. Further purification was accomplished 
by dissolving it in a 0.3-percent NaOH solution, filtering, and pre¬ 
cipitating the protein by adding dilute acetic acid until the solution 
reached a pH value of 4.6 to 4.7. The protein was dehydrated with 
95 -percent ethyl alcohol, absolute alcohol, anhydrous ether, and 
finally dried in vacuum at 40° C. This procedure was performed a 
second time. When the protein was precipitated at pH 4.7 and 
allowed to stand overnight, the supernatant liquid was free from any 
turbidity. 

The insoluble material designated as the protein B fraction con¬ 
tained much carbohydrate material and a gummy substance of a 
colloidal nature. Distilled water was added to this material, which 
was already alkaline, until the protein dissolved. The protein was 
then precipitated at pH 4.7 with acetic acid. After the precipitate 
had been filtered, the protein was extracted with a 1 -percent acetic 
acid solution until washings were free of carbohydrate. It was next 
freed of acid with distilled water, and of color with 95-percent ethyl 
alcohol, and finally washed with anhydrous ethyl ether, and dried in 
vacuum at 40° C. The total nitrogen of this material was 12.29 per¬ 
cent, corrected for moisture and ash, the latter being 0.95 percent. 
Since at this time it was impossible to obtain enough material for 
further experimentation, no attempt was made to determine whether 
this nitrogen-containing material was similar to the protein already 
isolated or to another protein having different physical and chemical 
properties. 

niEMKWL METHODS 

The nitrogen fractions recorded in table 1 were determined by 
slight modifications of the methods of Van Slyke {14), The appa¬ 
ratus used in the ammonia nitrogen determination was the same as 
that described by Cavett {2), The latter procedure saved mucli 
time and yet retained the accuracy of the original method. The 
inodified method employed by Plimmer and Rosedale {10) was used 
in some of the determinations. According to this method the phos- 
photungstic acid was removed from the basic filtrate as well as from 
the basic fraction by the addition of BaCU. This was done to rid 
the filtrate of salts that crystallized during the distillation process, 
and it allowed the filtrate to be reduced to a much smaller known 
yoluine. It was found, however, that phosphotungstic acid did not 
interfere with the amino nitrogen determination of the filtrate. In 
the amino nitrogen determination, it was desirable that the final vol¬ 
ume of the basic filtrate should be as small as possible, since 2 -cc 
aliquots were taken for the determination. 

The apparatus used in the arginine determination was that de¬ 
scribed by Holm ( 7 ). When samples of protein weighing less than 
1 g were used, the modified apparatus of Cavett (:?) was found very 
satisfactory. In the determination of the ammonia fraction, the 
distillate was received in N/14 H 2 SO 4 , wliile in the other nitrogen 
determinations, the ammonia was received in 4-percent H3BO3. 
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Tablk \.—-Nitrogen distrihnliou of protein of the Valencia and Washington navel 
orange pnip, expressed ns percentage of the total nitrogen 




Valencia 


Wahluiigton navel 

Nitrogen containing compound or form 







of nitrogen 

A 

B 

A\erage 

A 

Ji 

A vorage 

Ammonia_ _ . __ . 

T) Of) 

5 3S 

5 21 

7 15 

6 87 

7 01 

Acid iihsoluble 

1 35 

1 30 

1 33 

80 

77 

70 

Add soluble _ .... 

1 4« 

1 40 

1 41 

88 

t i 

82 

Total huimn. _ _ 

2 S3 

2 70 

2 77 

1 08 

1 54 

1 61 

Arginine ... . ..... 

12 H 

12 2S 

12 21 

12 55 

12 66 

12 61 

Histidine_ _ .... _ 

Cystine . ..... 

2 55 

2 (it 

2 60 

2 58 

2 47 

2 52 

Lysine_ ... ... 

10 73 

10 78 

10 75 

10 48 

' 1040 1 

10 44 

Tot.al basic 

25 42 

25 70 

25 5(. 

25 (il 1 

25 53 

25 57 

Amino _ 

5K 50 

58 V»1 

58 70 

1 

58 75 

50 25 

50 (M) 

Nonaniino... ..... 

7 S7 

7 46 1 

T 67 

7 3S 

7 24 

7 31 

Total non basic .. 

(Mi 37 

()(> 37 1 

1 (Mt 37 

(M) 13 

(.6 40 

66 31 

Total nitrogen 

00 67 

KM) 15 

01) 01 

100 57 

KM) 13 1 

! 

KM) 50 


The modi fic at ion of Larmour (tV) was usoil in the ])m*i|)itati()n of the 
basic fraction. Instead of tlie solution being heated for 1 hour after 
the bases had been precipitated with jihosphotungstic acid, the two 
separate solutions, that is, the basic and the phosjihotungslic acid 
solutions, were heated to boiling and poured together. 

THK .\x\.\L\SIS OF THE PUOTETXS 

The percentage of total nitrogen of the proteins from the two kinds 
of oranges are recorded in table 2, corrected for moisture and ash. 
The figures for the ash content of both proteins are not all that could 
be desired, but to free the protein of all of its ash constituents would 
recpiire many precipitations wdiich would result in great loss of ])ro- 
tein. The proteins were precipitated at pll 4.() to 4.7, as shown in 
the table. They also had a minimum solubility at these ])H values 
when precipitated from a solution of ().:i-perceiit NaOIl by th(‘ addi¬ 
tion of dilute acetic acid. 


Tablk 2. —Comparative analyses {percentage) of Valencia and Washington naval 

orange protein 


Coustituouts 

Valencia 

W'ash- 

ington 

navel 


(’'onstituenls 

Valencia 

W^ash- 

inglon 

navel 

Nitrogen_ ... ... . 

Moisture . . __ . . 

15 12 

7 32 

15 37 

8 70 

Ash 
pH ' . 


1 05 

4 70 

0 7( 
4 60-4 7( 


' Isoelectrifjally precipitated 


Tho data recordod in table 1 show the distribution of nitrofien in the 
proteins from the Valencia and Washington navel orange pulp, 
respectively. The proteins of the Valencia orange possessed more 
humin nitrogen than the protein of the Washington navel orange, 
which is probably due to contamination with carbohydrates which 
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furnish an adequate amount of aldehyde for huinin formation. The 
acid hydrolysates of these proteins were dark in color, which is 
(‘haracteristic of hydrolysates high in humin nitrogen. 

The ammonia nitrogen was somewhat higher in the navel orange 
protein. This value of a protein analysis is supposedly derived from 
the amide nitrogen of the monoamino dicarboxylic acids and also 
from deaminization of some of the oi-amino groups. Gortner and 
Holm (6*) have shown that the ammonia derived from the deaminiza¬ 
tion of the amino groups varies with the length of hydrolysis. They 
found that on prolonged hydrolysis appreciable deaminization of the 
amino groups may occur, giving rise to an abnormally high value for 
the true amide nitrogen. 

The values of the basic nitrogen of the two proteins are the same, 
within the limits of experimental error. This value represents the 
nitrogen precipitated with phosphotungstie acid, and is a measure of 
the arginine, cystine, histidine, and lysine content. The calculations 
of the percentage of these amino acids were made according to the 
method of Van Slyke {14). 

The nonl>asic nitrogen which represents the monoamino monocar- 
hoxvlie acuds and monoamino dicarboxylic acids is (>6 percent of the 
total nitrogen. More than 58 percent of the total nitrogen occurs in 
the inonobasie fraction in the amino form, while more than 7 percent 
occurs as nonamino nitrogen. 

An effort was made to determine quantitatively the amount of 
])ent()se in the ])rotein material for the purpose of ascertaining whether 
the ])entose is preeifutated with the protein as an impurity or whether 
it is an integral part of the protein molecule. This was done by deter¬ 
mining the yield of furfural from 0.5 g of orange protein distilled 
according to the official method {!), The distilled furfural (or 
methyl furfural) was subsequently precipitated with phloroglucinol. 
The amount of furfural obtained was 4.7 mg, which, in all probability, 
was derived from the arabinose and galacturonic acid of pectin. 
The decarboxylation of galacturonic acid in the presence of the 12- 
percent HCl yields arabinose which, in turn, would produce furfural. 
Hence, it is very probable, as Smith {13) has noted, that the pentose 
reaction was derived from the pectin accompanying the protein in 
the precipitation process and that it is not an integral part of the 
protein molecule. It should be mentioned here that the phloro- 
glucide precipitate was nearly all soluble in 95-percent ethyl alcohol. 
It may be that the presence of this alcohol-soluble phloroglucide {4) 
was due to the formation of methyl furfural from the h.ydrolysis of 
pectin. 

It is known that when pectin is treated with dilute NaOH, a soluble 
sodium pectate is produced, and when the pectate is acidified with 
HCl a. gelatinous, insoluble pectic acid is formed. This is probably 
the reason why it is so difficult to free the protein of pentoses, 
or furfural-yielding substances, by repeated precipitation from 
dilute NaOH, for during the process the pectic acid is also partially 
precipitated. 

A previous investigation {13) has shown that this protein gives the 
biuret reaction, yielding the pink color characteristic of proteose and 
peptone. The alkaline solution of orange protein possessed no 
turbidity and therefore showed no Tyndal cone. When a 1-percent 
solution of the protein, dissolved in 0.3-percent NaOH, was place 
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in a cellophaiio bag and dialyzed against distilled water for 48 hours, 
no protein diffused through the bag. Some of the sodium came 
through the meml)rane, but enough was retained in the bag to prevent 
the precipitation of the protein during the 48-hour dialysis. 

Experiments were performed to determine the effect of heat on the 
precipitation of the protein from a 0.8-percent NaOH solution. 
Fifty cubic centimeters of a 1-percent navel orange protein solution 
w^as brought to the boiling point in 4 minutes and maintained at a 
boiling temperature for 5 minutes, cooled to room teinperature, and 
then precipitated at pll 4.7 by the addition of acetic acid. These ex¬ 
periments were repeated except that the boiling time was lengthened to 
10 and 20 minutes, respectively. In each case a noticeable differtmee 
occurred in the rate of precipitation from the alkaline solution. In 
the case of the solutions boiled for 20 minutes, some of the protein 
was precipitated at f)II 4.7, but much of it remained in dispersion 
and the supernatant ii(|uid did not clear as it had done in the control 
experiments. This demonstrated that th(' very shoi-t period of 
heating of the protein solution at boiling teinperature in dilute alkali 
produced enough hydrolysis or cleavage in the molecule to alter its 
precipitation at the isoelectric point. 

DLSCUSSION 

Table 3 records the amide, humin, basic, and nonbasic nitrogen of 
proteins soluble in dilute alkali from various sources, as reportc'd by 
other investigators and the writers. An inspection of table 3 shows 
a similarity between the nitrogen fractions of the proteins of Valencia 
and navel orange fruits and those of other plant tissues. It is not 
claimed however that all jiroteins soluble in dilute alkali would 
yield nitrogen fractions similar to those reported in the table, for 
existing evidence (8) shows otherwise. It is suflicient to say that the 
values demonstrate the existence of a class of proteins in plant tissues, 
soluble in dilute alkali, which is characterizc'd by a relatively high 
content of both basic nitrogen (25 percent ±) and of amide nitrogen 
(5 to 10 percent). 

Tablk 3. — Co?npariiion of the amide, hurnin, basic, and nonbasic nitrogen of the 
proteins solubU in dilute alkali from various plant sources 


Pcrc^eutuge of protein from Indicated sources 


Nifrogen 


Amide_ 

Uumin. 

Basic_ 

Nonbasic_ 


spinach 
lea\ es > 

Rice * 

Rye * 

Spelt * 

Valencia 

orange 

fruil 

6 94 

8 07 

7 14 

8.06 

5.21 

2.06 

1.95 

4. ,30 

5.02 

2.77 

26 59 

27 59 

25 79 

24.44 

25 56 

64 41 

62.52 

62.50 

62.07 

66 37 


W'ash- 

inKton 

navel 

orange 

fruit 


7.01 
l.«l 
26.57 
60.31 


» Data from Chibnall (5). 2 i^ata from Larmour («). 


As Smith (18) has noted, the proteins of the orange exist in the 
solid state. This is manifested by the fact that these proteins are 
soluble in dilute alkali and are precipitated at pH 4.7, while the pH 
of the juice is approximately 3.5. 
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Further research is necessary to establish the factors affecting the 
equilibnuni which in all probability must exist between the proteins 
in the solid state in the fruit and other simpler nitrogenous compounds 
which are known to exist in solution. A previous investigation {9) 
has identified in the juice of Valencia oranges such soluble nitrog¬ 
enous compounds as arginine, asparagine, choline, and stachydrine, 
and a mixture of monopnino acids. It is veiy probable that the 
amino acids are synthesized in the leaves, transported to the Jruit, 
and later synthesized to protein in the fruit. When the nitrogen 
bases are considered, little is known of their direct function in plant 
metabolism, and it has never been determined whether these com- 
])ounds are direcdly active in protein synthesis or are only metabolic 
products formed by the breaking down of amino acids in the plant. 

SUMMARY AND CONCLUSIONS 

Detailed methods have been described for the isolation and puri¬ 
fication of the dilute alkali-soluble proteins from the Valencia and 
Washington navel orange pulp, respectively. The distribution of the 
nitrogen of these proteins has been determined according to the 
method of Van Slyke {UO, as modified by various other workers. 

The experimental results recorded in this paper appear to warrant 
the followiiifr conclusions: 

The protein from the Valencia orange pulp has a nitrogen content 
of 15.12 percent and that from the Washington navel orange pulp, 
15.37 percent, l)oth being corrected for moisture and ash. 

The basic amino acid fraction and the nonbasic fraction of the two 
l)roteins are practically the same. 

Protein from the Washington navel orange has a slightly higher 
])ercentage of ammonia nitrogen than that from the Valencia orange, 
but the protein from the latter has a higher percentiige of hiimin 
nitrogen. It is possible that impurities may account for the differ- 
erures in the humin values. 

Both of these proteins were precipitated in ])1I 4.6 to 4.7. This is 
the pn range ol minimum solubility as determined by the amount 
of protein remaining in solution after precipitating the protein at 
these pH values. 

After repeated precipitation from a 0.3-perceiit NaOH solution, 
the protein contained carbohydrate material. When the protein was 
distilled with 12-percent HCl, furfural was produced, which in turn 
yielded an alcohol-soluble phloroglucide when precipitated with 
phloroglucinol. 

When a dilute aklali solution (0.3-percent NaOH) of Washington 
navel orange protein was heated to the boiling temperature for 5, 
H), and 20 minutes, resjiectively, a diflerence occurred in the rate of 
])recipitation of the protein at its isoelectric point. Heat did not 
coagulate the protein. 
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THE VITAMIN A CONTENT OF FIVE VARIETIES OF 
SWEETPOTATO' 

Hy F. L. MacLeod, aanociale professor of home economics^ M. K. Armrtkonc, 

M. K. Heap, and L. A. Tolbert, graduat-e students, Tennessee Agricultural 

Ex pet i m e n t Statio n 

INTRODUCTION 

Steenbock and Sell (,9) ^ in 1922 studied three varieties of sweet- 
])otatoes and re])orted that the amount of vitamin A found in them 
varied wit h the depth of color. More recent investigations (i, S, 5) 
have indicated clearly that vitamin A activity varies with the caro¬ 
tene content of plant products. In 1931 Rice and Miinsell (6) 
reported the vitamin A content of sweetpotatoes tested by them to 
be 1,3()() Sherman units per pound. 

Tlie experiments described in this paper were carried out for the 
pur]3()se of determining the vitamin A value of different types of 
sweetpotato {Ipomoea batatas (L.) Lam.) commonly growm in Ten¬ 
nessee. Three of the varieties studied—the Nancy Hall, Yellow 
flersey, and Porto Rico—are strongly pigmented, the Porto Rico 
having the dee])est color and the Nhuicy Hall and Yellow Jersey 
having about the same depth of color (J). The Triumph and South¬ 
ern Queen are much lighter in color. Tl)e sweetpotatoes w^re grown 
on tlie University of Tennessee Farm. They were cured at 85° to 
90° F. and stored at 50° to 00°. 

The Slierman and Munsell method of testing for vitamin A as 
modified by Sherman and Burtis (7) w^as used in all of the experi¬ 
ments. 

The ])otato was fed raw and was cut in such a way that the animal 
always obtained a representative cross-section of it. 

VITAMIN A CONTENT OF THE NANCY HALL SWEETPOTATO 

The studies dealing witli the vitamin A value of the Nancy Hall 
sweetpotato were carried out during 1 year. 

Tlie first series of experiments was started immediately after the 
harvesting of t he sweetpot a toes. M ore variable results w^ere obtained 
and a lower vitamin A value was found in these experiments tlian in 
t<‘sts carried out several months after liarvesting The feeding of the 
sweetpotato was continued from early in November through June. 

Figure 1 shows the results of the experiments in which the Nancy 
Hall variety was fed. When 0.025 g w^us fed daily to eacli animal 
0 days in the week, 8 animals lost an average of 6 g in 8 weeks. When 
0.05'g was fed daily, 10 animals made an average gain of 57 g in 8 
weeks. Therefore, the quantity of this variety which contains 1 
vitamin A unit, that is, the amount w hich will induce a pin of 25 g 
in 8 weeks in a standard test rat, is between 0.025 ana 0.05 g, or 
approximately 0.035 g. The Nancy Hall variety contains, therefore, 
about 30 units of vitamin A per gram, or 13,500 units per pound. 

' Received for publication Dec 21, ltf34; i.ssued April, 193.’). C^ontribution from the Ai?ricultural 
Rxiierlment Station and the School of Home Economics of the University of Tennessee. 
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VITAMIN A CONTENT OF THE PORTO RICO SWEETPOTATO 

The Porto Kico variety was studied at two difFerent times during 
the year. In series 1 the sweetpotatoes were fed directly after 
harvesting, while in series 2 they W'ere fed after having been stored 
for 2 months or more. The results of the experiments of the two 
series varied too much to be averaged together, and they «re therefore 
presented separately, as scries 1 and series 2. 

SERIES 1 

The results of series 1, in which tiie Porto Rico sweetpotato was 
fed directly after harvesting, are shown in figure 2, A. The gains 

made by the different animals 
receiving the same amount were 
variable. The results indicated, 
however, that a unit of vitamin 
A was contained in sornewliat less 
than 0.05 g of the Porto Rico 
variety. Four animals each of 
which received 0.05 g of sweet¬ 
potato per day gained an average 
of 34 g in the 8 weeks of the ex¬ 
perimental period, wliile 4 which 
received 0.025 g each per day 
lost an average of 15 g. These re¬ 
sults indicate that at tliis season, 
directly after harvesting, t h e 
Porto Rico variety contained 
about 20 units of vitamin A per 
gram, or 9,000 units per pound. 



SERIES 2 
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The results of the experiments 
of series 2, in which the Porto 
Rico variety was fed 2 months 
or more after harvesting, are given 
in figure 2, B. Seven rats each 
of which received 0.015 g of 

Figure 1. - Vitamin A content of the Nancy Hull i»n 

sweetpotato, showinR averajru gam or loss in weight ^weetpOtatO pCI Uay maciC an 
of rats fed this sweetpotato as their sole source of average gain of 37 g 111 ail H-Weck 
vitamin A. The amount of sweetpotato fed Tier rat • i rm • ^ • a i 

per day and the number of rats in the group are pClTOd. 1 lllS Was approximately 
shown at the end of each curve; broken hues indi- tUp anTtiA o-nin flint Trinrlo hv 
cate the death of one or more animals aS nUKlC Dy 

the animals of senes 1, which 
received 0.05 g per day. The vitamin A value of the potato liad 
increased about three times, therefore, in the few months after har¬ 
vesting. Amounts varying from 0.0075 g per rat per day to 0.075 g 
were fed in this series. The results indicate that the Porto Rico 
sweetpotato, after storage for a few months, contained at least 65 
units of vitamin A per gram, or 29,000 per pound. Praps and Treicliler 
{2) reported 50 units per gram, as the vitamin A value of Porto Rico 
sweetpotatoes, a figure which compares favorably with that found in 
series 2. 

The marked increase m the vitamin A value of the sweetpotatoes 
which was observed during tlie year could not be accounted for by 
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changed conditions in the laboratory or by any change in the ani¬ 
mals. The negative control animals used in the experiments of 
series 1 lived 23.4 (Jays and lost an average of 40.3 g, while those of 
series 2 lived 25.0 days and lost an average of 36.0 g. Tliese findings 
ciearly show that the animals of the two series reacted similarly to 
a diet devoid of vitamin A, and prove that any differences in the 
results of the two series were due to changes taking place in the 
sweetpotato during storage. 

VITAMIN A CONTENT OF THE YELLOW JERSEY SWEETPOTATO 


The Yellow Jersey sweetpotato used in tliis experiment had a deep 
yellow flesh, similar in depth of color to the Nancy Hall variety. 



FinuHK 2 —Vitiinun A rontent of the Porto Hico sweetiwtato in experiments of senes 1 (.4) and series 2 
(H), showinn averaire Kisiin or loss in weight of rats fea this sweetpotato as their sole source of vitamin 
\ The amount of sweetpotato fed per rat tmr day and the numlier of rats in the group are shown at 
the end of eaeli curve, broken lines indicate the death of one or more animals In serie.s 1 the sweet po¬ 
tatoes W'ere fed directly after harvesting, in series 2 they were fed several months after harvesting. 

The studies reported here were made at two different times of the 
year and during the same year in which the experiments on the Porto 
Kico variety were carried out. Tlie experiments of series 1 were 
performed in the fall, directly after harvesting, and those of series 2 
several months later. 

SERIES 1 

Amounts of Yellow Jersey sweetpotato varying from 0.025 g to 0.2 
g per rat per day were fed directly after harvesting. The results are 
shown in figure 3, A, Four rats receiving 0.1 g each per day made 
an average gain of 10 g in 8 weeks, while three rats receiving 0.2 g 
each per day made an average gain of 80 g. These results indicate 
that the Yellow Jersey variety directly after harvest contained less 
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than 1 vitamin A unit in 0.1 g; that is, less than 10 units per gram or 
less than 4,500 units per pound. 

SERIES 2 

In a second series of experiments Yellow Jersey swectpotato was 
fed after it had been in storage for several montlis. Tlie amounts fed 
varied from 0.015 to O.l g per rat per day. The results are shown 
in figure 3, B. When 0.025 g per rat ])er day was fed to 7 rats, the 
animals made an average gain of 25 g in the S weeks of the experimen- 



Fiourk 3.—Vitamin A content of the Yellow Jersey sweelpotato in evijeriments of senes 1 (,1) and senes 
2 (/I), showing average gam or loss in weight of rats fe<l this sweetpotato as their sole source of \itaniin 
A. The amount of sweetpotato fed per rat iier day an<l the number of rats in the group are shown ut 
the end of each curve, broken lines indicate the death cjf one or more animals In senes I tlie sweetpo- 
tatoes were fed directly after harvesting, in series 2 they were fed several months after harvesting 

tal period. When 0.05 g per rat per day was fed to 7 rats, the animals 
made an average gain of 53 g. The sweetpotato at this time, therefore, 
contained about 40 units of vitamin A per gram, or 18,000 units per 
pound. The vitamin A potency of the sweetpotato had increased at 
least four times during storage. 

It is apparent, therefore, that a change takes place in the vitamin 
A content of sweetpotatoes during storage. Determinations of the 
water content of different varieties of sweetpotato at different times 
of the year ^ have shown that the moisture content does not change 
sufficiently to account for the variation in vitamin A activity. The 
increase in vitamin A activity in the months after harvesting may 


»Unpublished data. University of Tennessee 
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indicate that the carotene in the sweetpotato is not fully developed 
when the roots are first harvested, that the carotene has not yet 
develof)ed into the precursor of vitamin A, or else that this precursor 
(the carotene responsible for the formation of vitamin A in vivo) is 
jjresent in a form less available to the animal body when the sweet- 
potatoes are first harvested than after they have been stored for some 
time. 

VITAMIN A CONTENT OF THE TRIUMPH SWEETPOTATO 

The Triumph sweetpotato was first fed directly after harvesting. 
Th(‘ !(‘vels of feeding chosen, which were the same as those 
used in testing the Nancy Hall, 

Yellow ^Jersey, and Porto Rico 
varic'ties, were too small to pro¬ 
mote growth. All the ainmals in 
these tests died before the end 
of the experimental period and 
showed typical synipton s of vit¬ 
amin A deficiency. 

Another group of animals 
were fed after the potatoes had 
been stored for 2 months or 
more. Feeding levels of 0.2, 0.4, 

0,(), and 0.8 g per rat per day fi 
days ])er w(»ek were given. Eight 
rats re(‘eiving 0.2 g per rat |)er 
day lost an a\erage of 0.8 g in 
the 8 weeks ex])orimental period. 

E1(*v<mi rats receiving 0.4 ir per 
rat made an average gain of 
21.2 g, while 3 rats which re¬ 
ceived O.t) g per day made an 
average gain of 45.3 g. The 
Triiiin|jh variety contains, there¬ 
fore, about 2 units of Nitandn A 
])er gram,or 000 units per])ound. 

The results are shown in figure 4. 

VITAMIN A CONTENT OF THE SOUTHERN QUEEN SWEETPOTATO 

The Southern Queen was also found to be a poorer source of vitamin 
A than the Nancy Hall, Porto Rico, and Yellow Jersey varieties. 
The same levels of feeding were used in testing this variety as in the 
tests with the Triumph varietv. It wuis fed only after storage for 2 
months or more. Ten rats which received 0.2 g of the Southern Queen 
variety per rat per day made an axwage gain of 21.7 g in the 8 w^eks 
j)eriod, while 11 which received 0.4 g made an average gain of 52.3 g. 

The Southern Queen variety contained, therefore, about 4 vitamin 
A units per gram, or 1,800 units per pound. The results are shown 
in figure 5. 

SUMMARY AND CONCLUSIONS 

The vitamin A content of five varieties of sweetpotato—Nancy 
Hall, Porto Rico, Yellow Jersey, Triumph, and Southern Queen was 
studied. 



FKtUKK 4 VilHimn \ content of the Triumph sweet¬ 
potato, showing nveraKC tiain or Io.«is in weijihtof rats 
fed this sweet potato as their sole source of vitamin A 
The amount of sweetpotato fed per rat per tlayand 
the number of rats in the jrroup are showui at the 
end of each curve, broken lines indicate the death of 
one or more animals 
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The Porto Rico and Yellow Jersey types were investigated at 
two different seasons; first, directly after harvesting in the fall, 
and again 2 or more months after harvesting. The Nancy Hall, 
Triumph, and Southern Queen varieties were tested only after they 
had been stored for some time. 

The Nancy Hall variety was found to contain 80 units of vitamin 
A per gram, or 13,500 units per pound; the Triumph, 2 units per 

gram, or 900 units jjcr pound; 


5 

a 

I 

I 


and the Southern Queen, 4 units 
per gram, or 1,800 units [)er 
pound. 

The Porto Rico variety was 
found to contain about 20 units 
of vitamin A per gram, or 9,000 
units per pound, directly after 
harvesting. After the potatoes 
had been stored for 2 months or 
more, the usual period of storage 
before consumption, they con¬ 
tained about 05 units per gram, 
or 29,000 units per ])ound. 
The vitamin A value of these 
sweetpotatoes had increased, 
therefore, slightly more than 
three times. 

Directly after harvesting, the 
Yellow Jersey sweeti)otat() con¬ 
tained less than 10 units per 
gram, or less than 4,500 units 
per pound. After storage for 2 
months or more, the sweetpo¬ 
tatoes (‘ontained 40 units per 
gram, or 18,000 units ])er pound. 
The vitamin A value had in¬ 
creased in this case al)out four 
times. 

Possible reasons for the increase in vitamin A during storage are 
given. 

The Nancy Hall, Porto Rico, and Yellow Jersey varieties w^en^ 
found to be much richer sources of vitamin A than the Triumph and 
Southern Queen varieties.t Vitamin A values were found to vary 
with depth of color. 
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per day and the number of rats in the group are 
shown at the end of each curve, bioken lines indi¬ 
cate the death of one or more animals 
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HISTOLOGICAL CHARACTERISTICS OF PLANTS GROWN 
IN TOXIC CONCENTRATIONS OF BORON" 

By Irma E. Webber 

Collnboratnr^ Division of Western Irrigation Agriculture^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

Although small amounts of boron are considered essential for the 
normal growth and development of many widely different species of 
the higher green plants (7, 8^ 15, 16, 17),'^ excessive concentrations 
of this element have long been known to be toxic (11), Injury result¬ 
ing from boron occurring in excessive concentrations as a natural 
constituent of irrigation waters is a factor of agricultural in^ortance 
in certain areas in tne western United States (5, f), IS). The wide 
variability of optimum and maximum concentrations of boron for the 
growth of different species and the characteristic external symptoms 
of boron injur^’^ exhibited by numerous plants have been discussed 
recently by Eaton (5). Generally, leaf injury is the characteristic 
manifestation of boron toxicity, the older leaves showing the most 
pronounced symptoms. Briefly, the common symptoms of boron 
injury to leaves are the yellowing of tips and margins (often followed 
by marginal or spotted browning, which may bo follovrcd by pre¬ 
mature defoliation) and the subsequent production of malformed 
leaves. Under high-boron conditions stone-fruit trees seldom exhibit 
these leaf symptoms, but the petioles and larger veins of the leaves 
of prune and apricot trees may become brown and rough and oc¬ 
casionally exude gum. The twigs frequently exude gum, especially 
above the leaf and twig insertions, and die at the tips; their internodes 
may be much shortened, and their nodes are often enlarged. 

MATERIAL AND METHODS 

The histology of plant organs showing boron injuiy has hitherto 
received but scant attention. The sj)ecimens upon which the present 
study is based were mostly taken from the cultures of this Division 
at the Rubidoux Laboratory, Riverside, Calif. The boron-injured 
prune specimens were from a plant grown in a sand culture supplied 
with a culture solution containing 9 parts per million of boron. The 
boron-injured peach, apricot, and grape were supplied with a solution 
containing 6 p. p. m. of boron; ana the boron-injured lemon was 
supplied with a solution containing 3 p. p. m. of boron. These 
specimens were studied in comparison with healthy specimens of the 
same ago and variety grown under similar conditions except for lower 
concentrations of boron in the culture solution. In the case of lemon 
and grape, the healthy specimens received 1 p. p. m. of boron in the 
culture solution. Specimens of healthy peach, prune, and apricot 

• Received for publicatJou Nov. J2.1934; issued April 1935. 
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wore grown in a culture solution to wliich no boron had been added. 
The boron contained in these solutions was generally less than 0.1 
p. p. m., occurring as impurities in the c. p. chemicals or in the quartz 
sand. Specimens of field-grown prunes and apricots suppliecf with 
irrigation water of high boron content and comparable specimens 
from adjacent orchards irrigated with water of low boron content 
were also examined. The material was sectioned fresh or after killing 
and fixing in formalin-acetic-alcohol, and mounted unstained in 
glycerin. 

ABNORMALITIES OF LEAVES 

A histologi(*.al study of boron-injured leaves of lemon, grape, prune, 
and apricot showed that their structural abnormalities occur chiefiy 
at points showing macroscopically visible injury. The yellowish 
areas which commonly precede the brown margins of boron-injured 
lemon leaves and the pale-green areas which often border the brown 
spots of boron-injured grape leaves are attributable to the conversion 
of chloroplasts into leucoplasts in su(h areas. H\ce])t for the reduced 
number of chloroplasts, the mesophyll of injured loaves shows no his¬ 
tological differences from that of healthy leaves at these points 
{]A.hA-F). 

Cells of normal size and arrangement, showing various stages in the 
disorganization of their protoplasts, are visible in the discolored areas 

f iresent at or near the margins of boron-injured lemon and gj‘ape 
eaves and in the larger veins and jietiolos of boron-affected gra])e, 
apricot, and prune leaves (pi. 1, B, Cj K, II). In the early stages of 
this protoplasmic disintegration, the browned ])rotoplasts comph^telv 
fill tlie cell lurnina, but later they often shrink away from the cell 
walls. Such browning of colls is at times observable in the epidermis, 
palisade parenchyma, spongy parenchyma, and parenchyma of tlu^ 
larger veins, but usually does not extend from ui)per (qiidermis to 
lower epiderniis at a given point in the lamina. The (‘onducting 
tissues of veinlets surrounded by necrotic mesophyll are frecpiently 
filled with brownish contents of gummy appearance. 

Associated with such necrotic areas, very limited hypeitrophied 
and hyi)erplastic areas are occasionally visible in the int^sophyll of 
boron-injured lemon leaves (pi. 1, F) and in the iietioles and midribs 
of boron-injured prune (pi. 1, 1) and ajiricot leaves. At times a 
phellogcn layer develops beneath the necrotic parenchyma of apricot 
and prune petioles (pi. 1, K) and midribs, resulting in the sloughing 
off of small, macroscopically visible scales of dead tissue. In prune 
petioles and midribs with externally visible injuries, gum pockets 
formed by disintegration of xylern elements may be present (pi. 1, H), 
The absence of changes in the vascular anatomy of boron-injured citrus 
leaves is reported by Haas {6). 

The only additional way in which boron-injured leaves were 
observed to differ histologically from comparable healthy leaves is in 
the presence of fewer calcium oxalate crystals in the injured leaves. 
This difference is most noticeable in the phloem of petioles and veins 
of apiicot and prune leaves (pi. 1, G, II). In this connection it is 
noteworthy that Haas {6) reports that chemical analyses have shown 
that boron-injured lemon and walnut leaves contain a lower percentage 
of calcium and a higher percentage of potassium than healthy leaves 
pf these species. 
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Plate i 



A~!\ Cross sections of leaf blades- .1, Healthy uraiie; B~i\ borondnjured grape; healthy lemon; 
B-F, boron-injured lemon X 50 0~I, Cross sections of prune midribs; (i. Healthy; JI J, boron- 

injured. X 36 J-A', Cross sections of prune iietioles. J, Healthy, K, boron-injured. X 35 
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Plate 2 




soason’s stems- A, Boron-injured prune; Ji, boion-injured 
poacn. X 79. t > t ross section of branch trace m node of boron-injured prune X 79 h LoniritudniiU 
section of node of boron-mjured prune. X 9 j * ijonifiuummi 
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Plate 3 



(Toss scH’lioiis of internodes of current season’s stems of apricot. A, Healthy; B, boron-injured 
X 9 Cross section of internode of 2-yoar-old stem of boron-injured prune. X 9 Cross 

sections of internodes of current season’s stems of jieach- D, Healthy; A\ boron-injured. X 79. 





A-Bj Cross sections of nodes of current season's stems of apricot* A, Healthy, H, boron-injured. X ’t.h. 
C, Longitudinal section of node of healthy apricot X 7.fi J) K, Cross sections of nodes of current 
season's stems of prunes J), Boron-injured; E, health> X 7.6. Longitudinal .section of node of 
boron-injured apricot X 7.6. 
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ABNORMALITIES OF STEMS 

The greatest abnormalities in stem structure of boron^njured 
stone-fruit trees are to be found in shoots that do not live beyond the 
first year, although enlarged nodes are often conspicuous on 2- and 
3-year-ol(l branches. In current seasorfs stems of boron-affected 
prune, peach, and apricot trees, necrotic areas comparable to those 
discussed in connection with boron-injured leaves occur in the epi¬ 
dermis and subjacent cortical parenchyma (pi. 2, ^4). As in the case 
of petioles of these species, phellogen (pi. 2j A) may develop beneath 
the necrotic tissues wliich at times slough off in the form of small 
scales. Since the necrotic areas of cortical parenchyma are com¬ 
monly lenticular in cross section and may extend deeply into the 
cortex, su(‘h phellogen formation is in contrast to that normally 
occurring in the subepi<lermal layer of cortical parenchyma cells. As 
in the leaves, the current season's stems of boron-injured stone-fruit 
trees, particularly those of peach and apricot, may contain noticeably 
fewer calcium oxalate crystals than comparable healthy specimens 
(pi. 3, A, /f, />, K) This difference in calcium oxalate content is 
visible in cortex, j)hloem, and pith. 

vSmall lysigenous cavities filled witli gum are frequently present in 
tlu' cortex of first-year stems of boron-injured stone-fruit trees 
(pi. 2, B: pi. 3, B). The pressure exerted by the gum in these cavities 
is often sufficient to rupture the epidermis, but at times merely 
distends the overlying tissues and causes minute swellings on the 
{)eriphery of the stem. Although such cortical gum cavities are rather 
numerous, axial lysigenous gum ducts in the .xylem are far more 
abundant and conspicuous (pi. 2; pi. 3, /i, C, E). The gum ducts are 
apparently formed by tlie di.sintegration of almormal xylem paren¬ 
chyma . Such tissue at times persists and may form a large percentage 
of the wood normally composed of other axially elongated xylem 
elements (pi. 3, K). In the internodes the gum ducts in the xylem 
may encircle the stein. At the nodes, xylem elements of leaf and 
branch traces, as well as those of the main vascular cylinder, may 
disintegrate to form gum ducts (pi. 2, C). Occasionally cortical gum 
cavities and gum ducts in the xylem become united through the dis¬ 
integration of intervening cambium, phloem, and cortical elements 
(pi. 3, /i, C). Such fusion of gum cavities indicates that a large pro- 
I)ortion of the gum which accumulates on the surface of these sterns 
has its origin in the xylem. Oum pockets may also occur in the pith 
immediately beneath the dead portion of twigs which have died at 
the tips, trum ducts similar to those occurring in first-year stems 
may also be formed in later years (pi. 3, C). 

The enlargement of nodes of boron-injured stone-fruit trees (pi. 2, 
I); pi. 4, 7i, 7>, /") is chiefly due to the growth of axillary and accessory 
buds which would normally remain dormant (pi. 4, C-t^, The branch 
traces of such nodes are therefore usually considerably larger than 
those in healthy stems. More or less hyi^rplasia commonly occurs 
in the cortex of the enlarged nodes (pi. 2, u; pi. 4, /I, /?), and hyper¬ 
trophy of some of the parenchyma cells is not unusual. In the 
shortened internodes of boron-injured stone-fruit stems the cortical 
parenchyma cells remain shorter and exliibit less variation in size 
than similar cells in comparable healthy stems. 
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DISCUSSION 

From the foregoing it is evident that the manifestations of boron 
toxicity which are characteristic of some plants are lacking in others. 
Butler {2) has cited numerous instances in which similar reactions of 
tissues may be brought about by widely different stimuli. Hence it 
is not surprising to find that the histological evidences of injury by 
boron are, in general, similar to those attributable to other causes. 
The enlarged nodes of boron-injured stone-fruit trees arc not unlike 
those of French prune twigs affected with exanthema {H). Lysige- 
nous gum ducts in stone-fruit trees have been induced by a wide 
variety of stimuli including a number of fungi, bacteria, insects, 
chemical substances, and traumatisms {3). Ihiestley and Woffenden 
\l2) have shown that phellogen formation in both normal and ab¬ 
normal positions results from a set of conditions that may be fulfilled 
in many ways. The calcium oxalate content of the aboveground 
organs of plants is influenced by various factors which influence the 
rate of transpiration {10), as well as by the composition of the nutrient 
solution (/). Ilyjiertrophied cells and hyperplastic areas in leaves 
may result from such diversified stimuli as fungi, insects, injurious 
vapors {2), and boron deficiency (7). Cliloroplasts fre({ucntly change 
back into leucoplasts in starving cells and in those incited to abnormal 
growth {10). Localized browning of cells may be initiated by sun¬ 
burn (4), wounding {10), or virus infection. 

The cases cited above are sufficient to indicate that a toxic con¬ 
centration of boron in the nutrient solution cannot bo regarded as a 
stimulus to a specific reaction reflected as a specific histological change, 
but that the histological changes induced by excessive concentrations 
of boron are correlated with the inherent capacity of a s])ecies to 
respond to stimuli. Theoretically every living plant cell possesses 
the potential capacity to react to various stimuli by hypertrophy, 
hyperplasy, or the development of meristcmatic tissues {2, 10), but 
the potentiality is greater in certain tissues than in others, and these 
tissues show greater potentiality in certain species than in others. 
It has been suggested that one of the roles which boron plays in the 
plant is that of stimulating rneristematic activity {1, 7, 8, 16, 17). 
Structural abnormalities resulting from stimulation to abnormal 
growth are met with in the stems, petioles, and veins of some boron- 
injured stone-fruit trees and to a, very limited extent in boron-injured 
lemon leaves. Such of these structural abnormalities as occur in the 
cortex of stems, the parenchyma of petioles and veins, and the 
mesophyll of leaves are commonly associated with necrotic areas in 
which the colls are of normal size and arrangement. Similar necrotic 
areas are found in the mesophyll of boron-injured lemon and grape 
leaves which show no structural abnormalities. These necrotic 
areas are commonly preceded and bordered by areas in which partial 
degeneration of chloroplasts indicates a weakened condition of the 
protoplast. 

Kelley and Brown {9) and subsequently Scofield and Wilcox {IS) 
have shown that boron accumulates in the leaves of boron-injured 
citrus and walnuts. La ton {5) has shown further that the tissues 
manifesting the greatest injury are those in which boron has accumu¬ 
lated in relatively high concentrations. It seems probable, therefore, 
that an excessive concentration of boron in the cell often injures the 
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protoplast to such an extent that it undergoes a progressive degenera¬ 
tion first affecting the chloroplasts. However, in some instances an 
excess of boron may stimulate the protoplast to abnormal growth or 
division. 

SUMMARY 

Injury to plants resulting from boron occurring in excessive con¬ 
centrations as a natural constituent of irrigation waters is a factor of 
agricultural importance in certain areas in the w^estern United States. 

The macroscopic symptoms of boron injury to various plants have 
been described in previous papers. 

Histological characteristics of boron-injured lemon, grape, prime, 
and ajiricot loaves, and prune, peach, and apricot stems are described 
herein. 

In general, the plant parts manifesting the greatest injury are those 
in which boron lias accumulated in relatively high concentrations. 

Both macros(*opic and microscopic manifestations of boron toxicity 
which arc characteristic of some plants are lacking in others. This 
indicates that a toxic concentration of boron in the nutrient solution 
is not a stimulus to a specific reaction reflected as a specific histological 
change. 

The histological evidences of injury by boron are, in general, 
similar to those attributable to other causes. This suggests that the 
ohserved abnormalities are correlated with the inherent capacity of 
a species to respond to stimuli. 

It seems jirobable that an excessive concentration of boron in the 
(‘ell often injures the protoplast to such an extent that it undergoes a 
progressive degeneration, (^filoroplasts, wlien ])resent, are affected 
first. 

In some instances an excess of boron may stimulate the protoplast 
to abnormal growth or division. 
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EFFECT OF VARIATIONS IN STAND ON YIELD AND QUAL¬ 
ITY OF SUGAR BEETS GROWN UNDER IRRIGATION ^ 


By H. E. Bkewbakek, associate agronomist^ and G. W. Dbming, assistant agron- 

ornistf Division of Sugar Plant Investigations^ Bureau of Plant Industry^ United 

States Department of Agriculture 2 

INTRODUCTION 

In a^roiioiiiic experiments, variations in stand between treatments 
or varieties are eoininonly encountered and must be taken into con¬ 
sideration at harvest. It is essential to know the growth response 
to such variations in order that the relative importance of any error 
resulting from tlKuii may l)e determined. This is true particularly 
for such ero])s as corn or sugar beets, which are either planted in hills 
or thinned to individual jdants spaced at designated intervals in the 
row. 

In Ihis connection, certain published studies are of interest. 

De llaan and Klijnhout (;<^) ^ studied the relationsliip between den¬ 
sity of stand and yield of sugar beets. They found a gradual decrease 
in weight ])er lieet and a corresponding increase in total weight per 
unit aica as the sjiace allotment per plant decreased, the number of 
beets per acre varying from 1(),()00 to 45,000 while tlie distance be- 
tw('en the rows was lield constant at 40 cm. The studies were con¬ 
ducted on three fields of different degrees of fertility, the results be¬ 
ing similar for all three. 

Soucek (6‘), in a study of the relation betw een stand and yield, in 
rows 42 cm ajiart, found a direct and positive correlation to exist 
within the oliserved limits of 11 to 38 beets per unit of row^ 8 in in 
length. 

\Vill(*o\ (7) reviewed the work of De llaan and Edijnhout (2) and 
Soufiek {(I) and interjiretc'd their results in relation to the Mitscher- 
lich effect law' of growth factoi’s. 

Munerati, M(‘zzadroli, and Zapparoli (4) found no constant relation 
between the availalile space and weight jier beet. Increased space 
availalde was found to be only partially compensated for by the 
increased weight of some of the beefs. 

Pack (5) obtained the correlation values 0.20±0.03 for relative 
s])ace wutli weight per beet and 0.21 ±0.03 for space with sucrose 
con Lent or total w eight of sucrose per beet. He found no correlation, 
however, between space and ])ercentage of sucrose. 

Iininer (S) studied individual variability of sugar beets grown with¬ 
out irrigation. He found weight of root to be much nioie variable 
than percentage of sucrose, and the regression of sucrose percentage 
on weight to be not entirely linear. The effect of variations in stand 

J ileceived for publication Oct. 8, 1034; issued April 1035. Investigations in cooperation with the 
t olorado Agriculturul Experiment Station, Fort Collins, Colo. 
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helpful suggestions in connection with the i>reparatIou of the manuscript and the presentation of the data. 
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were largely eliminated by removing before harvest the beets adjacent 
to noticeable skips. 

It was the object of the studies reported in this paper to determine 
the extent to which the sugar beet will respond to additional space 
allotment per plant under irrigation in Colorado and to obtain a 
measure of the extent of the possible error which may be introduced 
into agronomic experiments as a result of variations in stand. 

MATERIALS AND METHODS 

Studies were conducted in 1930 on 2 irrigated beet fields near Fort 
Collins, Colo., and in 1931 on 2 near Fort Collins and 1 near Rocky 
Ford, Colo. 

The results for 1930 are presented for the Barlow farm and the 
College farm near Fort Collins. The same commercial beet variety 
was used for both fields. With the exception of four comparisons 
made on the College farm, the rows were 20 inches apart, and the 
beets were spaced 12 inches in the row, the blocking having been 
done mechanically. 

On the Barlow farm, all beets from a plot 22 rows wide by 132 feet 
long were harvested individually, and a record was made of the loca¬ 
tion of each beet with reference to blank spaces in the row and in the 
adjacent rows. Each beet was numbered and sampled with a rasp 
and analyzed for sucrose. The average weight and percentage of 
sucrose were computed for each lot having a particular ty})e of com¬ 
petition, and comparisons were made witli the check or normally 
competitive’’ ^ beets on the basis of the standard-error values (exjjeri- 
ment A in tables 1 and 2). A nearby portion of the same field was 
divided into 1,600 single-row plots 16 feet long (experiment A-1 to 
A-5 in table 6). The total number and the weight of beets were 
recorded for each plot, the data being used to determine tin* regres¬ 
sion of weight of beets on stand. The type of competition was also 
recorded for every plant harvested. The relative response in beet 
weight to increased space allotment was determined from the portion 
of the same field harvested individually as described above. It was 
then possible to adjust the total weight of each plot having an imper¬ 
fect stand to an expected value based on a perfect stand. 

The regression of weight of beets on stand was also obtained for a 
uniformity study conducted in 1931 (experiment E, table 6), in which 
1,280 plots were harvested in a manner similar to that described 
above for the 1,600 plots in 1930, except that no record was taken 
of the type of competition for individual beets. 

On College farm in 1930 (experiment B in tables 1 and 3), the data 
were obtained entirely from paired comparisons. A ‘Hest’* beet witlx 
a certain specific relation to one or more blank spaces in the same 
row or in adjacent rows was paired with the nearest check beet liaving 
competition on all four sides. So far as possible, the check beet always 
occupied the same relative position with reference to the test beet. 
The percentage sucrose determinations were made on bulked lots of 
beets representing each test-and-check comparison. 

In 1931 there were 5 or 6 replications of each treatment at Fort 
Collins (experiment C in tables 1 and 4) and at Rocky Ford (experi¬ 
ment D in tables 1 and 5). Each “block*' included several treat- 

4 As used in this paper, “normally competitive" beets have competition from beets adjacent on 4 sides* 
while “noncompetitive “beets lack competition on 1 or more sides. 
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ments, the blocks bein^ distributed at random in each of the replica¬ 
tions.® The Fort Collins field was planted by hand, with rows 20 
inches apart and the beets spaced 12 inches apart in the row, the 
desired adjustments in stand being made at the time of thinning 
according to the plan shown in figure 1. At the Rocky Ford station 
the planting was done by machine; the width ot row and spacing were 
tlie same as at Fort Collins, the accuracy of spacing being assured 
through the use of a marked tape. 

The type of competition for the beets harvested in the various rows 
shown in figure 1 was as follows: 

Row Type of competition 

A Adjacent to one blank in adjacent row 
A Adjacent to two corner blanks in adjacent row 
li Between two blanks in same row 
C Between two blanks in adjacent rows 
C With four corner blanks 
D Check (singles surrounded by singles) 

K Blanks on four sides 

F Blanks on tliree sides 

(i Adjacent to single blank in same row' 

H Adjacent to single corner blank 
I Doubles surrounded by singles 

I Singles adjacent to doubles in same row' and to singles in adjacent rows 
J Triples surrounded by doubles 

J Doubles adjacent to triples in same row and to doubles in adjacent rows 

ABC 0 EF 6H I J 


X X X X X 
X X 0 X 0 
X X X X X 
X X 0 X 0 
X X X X X 
X X 0 X 0 


XXX X 0 X X 

XXX 0 

XXX X 

XXX g 

XXX X 

XXX 0 


XXX 

dd 

X d X 

dt 

XXX 

d d 

X d X 

dt 

XXX 

dd 

X d X 

di 


Figure l —Diagram of plan used for the competition study fii 1931- I'VI, Blocks; A-J, rows, r, single 
plant; o, blank lull, d. double, i. e , 2 plants in one hill, /, triple, i e , 3 plants in one hill. 


The fertilizer experiment in 1931 (experiment F, table 6), data from 
which were used in calculating regression of weight of beets on 
stand, consisted of a randomized distribution of treatments and 
check plots. The original stand was not very satisfactory and the 
tliinning labor was directed to leave as good a stand as possible. As 
a result there was a wide variation in spacing and unifoimity of 
stand, although none of the differences between treatments, either 
for stand or tonnage of beets, was significant. 

^ The width-of-row and spacing study (table 7) was conducted at 
Fort Collins in 1931. The seed was planted in liills with hand 
planters, the spacing being accurate. Competitive beets were har¬ 
vested and tonnage yields were calculated on the basis of a perfect 
stand. 

• “Block” as used by Fisher (/) is synonymous with “replicate” as used here. 
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In most cases the beets wore lifted mtli a niecdianical lifter. Sam¬ 
ples for analyses were washed, and each beet was rasped with a Keil 
rasp for a sample of pulp. The cold-water digestion method was 
used for percentage of sucrose in the beet. For apparent coefficient 
of purity determination one-half of each beet was ground by a multi¬ 
ple-saw grinder and a sample of juice obtained from the pulp in a 
hydraulic press. The percentage of sucrose in the juice was then 
determined by Hornets dry lead method and the apparent coefficient 
of purity calculated as the ratio of sucrose percentage to the corrected 
Brix. 

The regression of weight of beets oxi stand was determined from 
the following formula: 

W~w-\-h{s—s), 


where W is the estimated weight of beets for any particular stand; 
w and the means for weight and stand, respectively; any observed 
stand; and 6, the regression coefficient, calculated from 

Covariauce wh S (irs-~ gis) 

Variance s S{w~-)w^ ’ 

where S represents summation, for all ex])erimeiits excef)t A-1, A-4, 
and E-1, in which, with large numbers of plots, the data wer<>> dis¬ 
tributed into frequency surfaces, the regression fu.Tiction b being 
calculated from __ _ 

—s){w—w) 

S{w—wy^ 

with no removal of block effects. 

Statistical evaluations of the significance of diilercnces were ob¬ 
tained in all cases. The standard errors for the 1980 studies were 
calculated for each group by means of the formula 


S.E. 




ijdl 

■ “ J 


where d=deviation from the inean,/=frequeiicy, and n—number of 
individuals. Generalized standard errors were calculated for the 
competition sttidies (tables 4 and 5), and for the spacing study (table 7) 
by means of Fisher’s “analysis of variance” (1). llnless’otherwise 
stated, the 5-percent point was used as a minimum level of significance, 
the odds being at least 19 to 1 before significance is established. 

The standard errors for mean weight per root for the 1930 results 
are given for each determination in tables 2 and 3. Since sucrose 
determinations were made only on bulked lots, standard-error calcu¬ 
lations were not possible. The standard errors with the 3 test and 
difference necessary for significance for the 1931 results are given in 
tables 4 and 5. 

EXPERIMENTAL RESULTS 


ANALYSIS OF COMPETITION STUDIES 

The results obtained are presented in tables 1 to 5. Table 1, which 
shows a general summary of results, includes only the number of beets 
taken and their weights in percentages of the check. For convenience 
in discussion, the four locations given in table 1 are designated A, B, 
C, ahd D. 



Table 1. —Summary of results obtained from cornpchtton studies conducted at four locations in Colorado^ 1930 and 1931 
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Table 2 . —Summary of rcsuUa obtained on the Barlow farm {location A), Fort 

CollinSy Colo.y 1930 


Type of competition for i)eels liarveste<l 


1 corner blank...____ . 

2 corner blanks. . 

1 blank in adjacent row__ 

1 blank in adjacent row and 1 corner blank- 

I blank in same row 

1 blank in same row and 1 corner blank . 

Between blanks in adjacent row . . 

Between blanks in same row . . __ _. i 

1 blank in adjacent and one in same row__j 

1 blank in adjat‘ent, 1 in same row, and I corner i 

blank... . . _ 

Adjacent to 3 or more blanks .. - I 

C^'heck (all beets with competition on 4 sides)__ 


Aver¬ 

age 

Weight of root 

Percentage of 
sucrose 

num¬ 
ber of 


Percent¬ 

Average 

IM'rcent 

Percent¬ 

beets 

drams 

age of 
clieck 

age of 
check 

450 i 

(]SH± 10 

103 0 

12 0 

00 2 

lii 

720± 45 

107 8 

13 1 

1(K) 8 

Zt3 

755.1. 22 

113 0 

12 9 

00 2 

00 

Slid. 41 

125 0 

12 4 

05 4 

203 

SI7± 24 

1 12(1 8 

12 0 

00 2 

75 

SOUd: 44 

110 8 

12 0 

00 2 

11 

804.1102 

133.8 

13 1 

100 8 

14 

l,0S5dLl08 

102 4 

13 2 

101 5 

52 

SH2-fc 42 

132 0 

13 1 

100 8 

17 

mi± 77 

128 0 

12 5 

Ofi 2 

7 1 

1.340d:150 

201 0 

12 5 

00 2 

1. ISO 1 

litiSdr 10 i 

ItH) 0 

13 0 

KM) 0 


Table 3. —Summary of results obtained at Colhge farm {location B), Fort Collins, 

('olo.y 1930 



Num¬ 
ber of 

Hoot weight per beet 

j Percentage of sucrose 

Type of competition for beets 
harvested ‘ 



I’crcent- 


i 

1 

, Percent- 



Test 

1 (’heck 

age of 
check 

1 'est 

C'lieck 

i age of 

1 cheek 

1 corner lilank ... 


dr«w.v 

Ora ms 





35 

572+ 43 

530+50 

107 ^ 

15 6 

15 8 

98 7 

2 corner blanks . ___ 

33 

002J 50 

559+40 

118 1 

15 5 

14 9 

104 0 

1 blank in adjacent row..._ 

80 

590.1 30 

529+32 

111 5 

15 4 

15 2 

101 3 

1 blank in same row... _ . . 

97 

09Ij 33 

572+27 

121 ) 8 

15 2 

14 9 

102 0 

1 blank in same row (10 b> 22 inches). 

122 

750+ 30 

595+2,) 

120 1 

14 3 

14 9 

90 0 

Between blanks in same row... 

Between blanks m same row' (10 by is 

41 

791+ 02 

.500+48 

ill 3 

15 3 

1.5 4 

99 4 

inches) ... . . i 

Between blanks in same row (10 by 20 

9 

057+117 

515191 

127 0 

15 1 

15 4 

KM) 0 

inches).. __ 

Between blanks in same row' (10 by 22 

44 

025+ 94 

51Cd 78 

121 1 

1 14 2 

14 9 

95 3 

inches)_ _ . 

50 

834+ 54 

ti70+47 

' 123 4 

14 5 

14 5 

100 0 

1 blank in same and 1 in adjacent row'_ 

Blanks on 3 sides, 2 m same, 1 in adjacent 

72 

812+ 35 

649+34 

147 9 

15 1 

15 6 

96. 8 

row. ... 

Blanks on 3 sides, 1 in same, 2 in adjacent 

45 

948+ 00 

400+30 

203 4 

14 4 

15 6 

92. 3 

rows.. .. . 

21 

1,186+ 70 

644+70 

184 2 

13 9 

14 5 

95 9 

Blanks on 4 sides.. __ 

Doubles surrounded by singles.. 

33 

88 

mdb 73 
736+ 36 

485+41 

686+32 

172 8 
107 3 

14 7 

15 1 

97,4 

Triples surrounded by singles_ ... 

10 

757+ 71 

560+59 

135 2 


— 

...... 


I Spacing and width of row 12 by 20 inches, unless otherwise sjiecifleil 
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Table 4. — Summarif of results obtained at College farm {location C), Fort Collins^ 

Colo., 1931 

[Values are given as means of 5 plots and percentage of check] 


T'ypc of competition for iieets 
harvested 


1 corner blank.. 

2 corner blanks.. 

4 corner blanks.- .. 

1 blank in adjacent row.. .. 

1 blank in same row., . __ . 

Hetween 2 blanks m ailjacent ro^^s .. 
Hetween 2 blanks in .same row .. - . 
Mlanks on M sides. 2 in same. 1 in adja¬ 
cent row _ 

Blanks on 1 sides. 

Doubles surrounded b\ Mngle,s ., . 
Singles between iloubles. «!ame row 
Average singles and doubles alter¬ 
nated -- - - ... 

Dlieck. singles alone ( . 

Dfiubles alternateil with triples.. 
Triples alternated w ith doubles . _. 
\verage doubles and triples alter¬ 
nated - - - - 

('heck, singles alone (B)<.. 


T)-percent point. 

l-IM'rcent jioint. 

DilTerencc for significance . .. 
Standard error (iiercent of mean) 
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Aver¬ 

age 
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ago of 

Aver¬ 

age 

cent- 
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check 


check 


check 


check 

2S 

.5:i0 

104 7 

820 

103 3 

14. 5 

100 7 

90 2 

100.7 

18 

520 

102 8 

875 

KHl. 4 

14.1 

97.9 

89.0 

100 .0 

22 

.502 

117 0 

870 

lOtt 5 

13 7 

95 1 

88 0 

98.2 

18 

53H 

100 3 

843 

105 4 

14.3 

99.3 

90 5 

101.0 

:ti 

047 

127.0 

1, 100 

13S. 0 

13 8 

05.8 

88.0 

98.2 

24 

.500 

111 0 

805 

111 0 

13 0 

90.5 

89 1 

99.4 

20 

71.5 

141.3 

l,2tKl 

102. 0 

13 8 

95 8 

88.0 

98 2 

23 

K77 

171 3 

1.4.53 

181 0 

13 3 

92 4 

88.2 

OH 4 

2r» 

m) 

10.5.7 

1.022 

202 8 

13 4 

03 1 

87.2 

07 :) 

i 22 

.505 

111 7 

841 

105 I 

14.1 

97.9 

89.3 

‘♦9 7 

17 

423 

83 0 

630 

70 5 

14 0 

101 4 

89. 5 

99.9 

30 

t04 

07 0 

m 

02 3 

14 4 

100.0 

89 4 

90 8 

2.5 

.500 

BK). 0 

800 

100 0 

14 4 

100.0 

89.0 

100. 0 

< 17 

.5UK 

112 4 

025 

85 5 

13 0 

97.2 

89 8 

100 0 

j in 

.537 

118 8 

540 

75.1 

14.1 

08 6 

80.8 

100. 0 

33 

523 

115 7 

.587 

80.3 

14 0 

07 0 

89.8 

100 0 

24 

452 

100.0 

731 

100.0 

14 3 

100.0 

89.3 

HXk 0 


1 4087 

2 4000 

0 4722 

0.3208 


400t» 

. 40fj0 

.4000 

.4000 


. .5553 

5.5.53 

. 555:1 

_ 



8.8 

4 


no 

3 


.73 



3 

10 

1. 85 

.82 









> Pairs 

* \pplies to all treatments lisie<l above in the table 
’ Hills 

* .\jil>lies to the treatments included between checks .\ and U in the fable. 


Table r*.- -Sutnniari/ of results obtained at Rocky Ford, Colo, {location />), 1931 
[N’alues are given as mean.s of (> plots ami percentage of check] 



! Aver¬ 
age 
mini- 

Weight of roots 
jier beet 

Percentage of 
sucrose 

Apparent coeffi¬ 
cient of purity 

Type (if competition for beets harvested 

ber of 







beets 

per 

Grams 

Per¬ 

centage 

Aver- 

Per¬ 

centage 

A ver- 

Per- 

c'entage 


plot 


of check 

ago 

of check 

eg® 

of check 

2 corner blanks. 

18 

463 

123 5 

17 0 

97 7 

86.4 

98 3 

4 corner blanks. . _ _. . 

17 

455 

121 3 

15 9 

91.4 

86 1 

98.0 

1 blank in adiacent row_ . 

18 

491 

i;i0 9 

16 9 

97.1 

87.2 

99.2 

Between 2 blanks m adjacent rows__ 

18 

451 

120 3 

16 8 

96.6 

86 8 

98.8 

BetW'een 2 blanks in same row'„ . . . .. .. 

10 

565 

150. 7 

16 6 

95 4 

87.7 

99.8 

Blanks on 3 sides, 2 in same, '' in adjacent row. 

22 

670 

178 7 

16. 5 

94.8 

86.6 

98.6 

Blank.s on 4 sides..... 

21 

731 

194 9 

17 0 

97.7 

87.5 

99.6 

Doubles surrounded by singles. 

18 

486 

129 6 

17.4 

100 0 

87.8 

99.0 

Singles between douhle.s, same row . _ 

15 

365 

94 7 

17 2 

98 9 

88.2 

100.3 

Average singles and doubles alternated . 

33 

421 

112.3 

17.3 

t)9.4 

88.0 

100.1 

Doubles alternated wdth triples. 

14 

412 

109. 9 

17.6 

100 6 

87.6 

99.5 

Triples surrounded by doubles.... 

16 

408 

124.8 

17.9 

102 .9 

87.2 

99.2 

Average doubles and triples alternated. 

30 

440 

117.3 

17 7 

101. 7 

87.4 

99,4 

t heck (.singlas alone)-... ... _. . 

36 

375 

100 0 

17.4 

100 0 

87.9 

100.0 

z . 

5-porcent point. 

i 

1 4926 
. 5265 

7443 

97 

7.36 

->0. 4640 

0 2634 
.5266 

l-percent noint_ 


Difference for .signifloance ... 



Standard error (percent of mean). 

1.99 

.58 
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It is possible, by applying the data presented in table 1, to deter¬ 
mine the extent to which the beets adjacent to a single blank utilized 
the additional space. Since the essential data are not complete for 
location D, the results obtained for locations A, B, and C only arc 
averaged. As an average of these three locations, a beet adjacent to 

1 corner blank was increased 4.7 jwcent in weight, and a beet 
adjacent to 1 blank in the adjacent rows and 1 blank in the same 
row was increased in weight 10.0 and 28.7 percent, respectively. The 
eight beets surrounding a blank space were, therefore, so increased 
in weight that they compensated for 96.2 percent of the loss due to 
a single missing beet. It is obvious that several blank spaces together 
will result in proportionately less efficient utilization of the vacant 
area by the adjacent plants. 

As an average of the A, B, and C locations, increases in weight of 
beet root of 28.7, 55.2, and 95.0 percent, resi)ectively, were obtained 
for beets adjacent to 1 blank in the same row, between 2 blanks in 
the same row, and with blanks on 4 sides. The respective increases 
in area are 41, 82, and 100 percent. Corresponding slight decreases 
were obtained for percentage of sucrose, th('- average in ])er(*entage 
of the check being 99.0, 98.9, and 95.(i for the three groups. A beet 
adjacent to 2 blanks on the corner, 2 blanks in the adjacent rows, and 

2 blanks in the same row showed increases in weight of 13.6, 22.0, 
and 58.4 percent, respectively, for an average of the A, C, and I) 
locations. Corresponding sucrose values in percentage of the check, 
or 98.8, 98.0, and 97.6, were obtained. It is evident that while the 
weight of the beet was incr<‘ased greatly there' was only a slight 
negative response for percentage of sucrose and a possible similar 
response in apparent coefficient of purity with increasing space for 
development. The effect on the apparent coefficuent of purity 
appears to be less than the effect on j)ercentage of sucrose. 

The effect of doubles was studied for the B, C, and D locations. 
In 1930, at the B location, doubles surrounded by singles were found 
to yield an increase in weight of marketable beets of 7.3 percent over 
single beets surrounded by singles, which will be ternu'd the check’’ 
beets. Corresponding increases of 5.1 and 29.6 percent were obtained 
for the C and D locations. The C location at Fort (\)llins and the 
D location at Rocky Ford were planned so that singles and doubles 
were alternated in the row, while adjacent row s were thinned entirely 
to singles. The singles alone, when alternated in the same row with 
the doubles, yielded only 79.5 and 94.7 percent of the yields of check 
beets for these respective locations. When the average for doubles 
and singles was considered, the corresponding yields in percentage of 
the check were 92.8 and 112.3, or an average of 102.3 for the two 
results. Neither of these deviations from the yield of the checks is 
as great as twice the standard error of a difference; consequently, 
they cannot be consMered significant. Under the conditions of tins 
test, the tonnage yield of marketable beets was not significantly 
affected when 25 percent of all hills were doubles. 

When doubles were alternated with triples in the row, with the 
adjacent rows consisting of doubles, there was a significant loss in 
weight per hill of marketable beets at Fort Collins for both the 
doubles and triples as compared with the check beets. In relation 

»A beet inches or more in diameter is considered marketable. By test it has been found that beets 
inches in diameter have more than a 60 *percent chance of being returned to the grower as 
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to the check, the corresponding weights of doubles and triples were 
85.5 and 75.1 percent, respectively. At Rocky Ford, the respective 
weights for the doubles and triples were 109.9 and 124.8 percent of 
the chocks. The increase in weight of triples over the check closely 
approached significance. 

As a result of late planting and relatively unsatisfactory growing 
conditions at Rocky Ford the yield was unusually low as contrasted 
with somewhat better than average conditions at Fort Collins. The 
differences obtained for the two stations in relation to doubles and 
triples might well be expected under these conditions. 

REGRESSION OF WEIGHT ON STAND 

The regression of weight on stand was determined by means of 
data from the three sour(‘es, as discussed under materials and meth¬ 
ods. The correlation and regression values are given in table 6. 

On a perfect-stand basis, the respective yields on the three fields, 
A, E, and F, were IS. 3, 20.4, and 19.2 tons per acre. They may be 
considered highly iiroductive fields. 

Th(' correlation coefficients varied considerabl}^ but were significant 
in every case as determined by Fisher^s t t(‘st, with the 1-percent 
point as the minimum level of significance. It is apparent that there 
is a very material correlation between total weight of roots from a 
given area and the relative stand of beets. This should be of real 
concern to a commercial grower of sugar beets. 

Taule Vi- -Correlation and regression values for the relation between weight of beets 
and percentage of stands Fort Collins, Colo., 1930 and 1981 


Year, cxpmnHMit, and 
trotiliut'nt.» 


tU3i) 

\ 1 
A ‘2 
A :$ 
A 1 
\ ri 

m\ 

K 1. 
K-2 

¥K. 


1 ExiwriiiieTits A ami E were uniformity trials and F was a fertilizer study. Trials A-1. A-2, and A-3 
were made before correction, and .\“4 and A- 5 after correction for competition. (See st'cfion on materials 
and methods) 

I MIL® regression value is given as tons of beets for each 10-ijercent variation in stand. 

1 ho 4 central rows only were harvested for the F trial, in all other coses, the entire plot was harvested. 

The regression of weight on stand has been converted into expected 
tons of beets for each respective 10-percent increase or decrease in 
stand. The total regression only was calculated for the original plots, 
1 row 16 feet in length, for experiments A-1, A-4, and E-1. When two 
or more of the original plots were grouped into larger sizes of plots, 
then a certain arbitrary number of hypothetical treatments were 
assumed as follows: 20 treatments for A-2, and 5 treatments for A-3, 
A-5, and E-2, with 40 replicates in each case. There were 15 treat- 
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Num¬ 

ber 

Size 

Within 

block‘^ 

Total 

Within 

blocks 

Total 

stand 

1,000 

1 r<n\ X 10 feet - 


\ 0 rum ; 


1 31 

85. 3 

HOO 

1 rnw X 32 feel . 

ft) 553:V 

4 54K5 

1 30 

1 30 

1 85 3 

2(H) 

4 rows X 32 feet 

-f 3775 1 

+ .1520 

so 

70 

} 85.3 

1,000 

1 row X 10 feet . 


-f OtMK) 


' 1 09 

1 85 3 

200 

4 rows X 32 feet 

j -f 5301 

■i .5821 

1.24 

1 33 

85. 3 

1,280 i 

1 row X 10 feet 


-f 4380 


1.08 

89.0 

100 

4 rows X 32 feet 

1 -h 3454 

-f 1075 

70 

.45 

89 0 

75 

8 rows X 00 feet. 

■ -t-.7UU8 

! 

-f 7375 

2 10 

1 37 

59. 5 


Range 
in jier- 
centage 
stand 


25-113 
4T-1(W 
fill- 9S 
25-113 
0»- U8 

31-100 
75- «« 
33—78 
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nients in the fertilizer trial, F, with 5 replicates of each treatment. 
Where treatments were assumed for the imiformity trials, A and E, 
or actually provided as in the fertilizer trial, it was then i)ossible to 
assign certain portions of the variance to replicates and accordingly 
to reduce the total variance witliin replicates. The recession within 
blocks represents more nearly the true relationship since it is freed 
from the variation between blocks or replicates. In such cases, the 
regression was determined for both the total and within-blocks 
relationships. The regression within blocks was materially greater 
than the total regression for the E-2 and F experiments, indicating 
for these experiments considerable variation between blocks. There 
was apparently no appreciable block effect for tlie other studies. 

The regression value is reduced when the plot size is materially 
increased for the uniformity trials, A and E, with a conseq^uent increase 
of the range in percentage of stand. When the plot size for the A 
experiment was increased from 1 row 16 feet in lengtti to 1 row IV2 
feet in length, the total regression value remained practically constant, 
being 1.31 and 1.36 tons, respectively, for each 10 percent in stand 
for the two plot sizes. An eightfold increase in size, however, for A 3 
as com])ared to A~l, resulted in a decrease from 1.31 to 0.76 tons for 
each 10 percent in stand. Corresponding reductions in regression 
values from 1.69 to 1.33 tons were obtained for A-4 and A- 5, and from 
1.08 to 0.45 tons for E-1 and E-2, both of these constituting eightfold 
increases in size of plot. 

It seems apparent on the basis of these results that each unit of 
increase or decrease in stand will result in a greater variation in yield 
when the stand is low than when a perfect stand is approached. 
Additional support for this conclusion is found in the graph of the 
straight regression lines (unbroken) for experiments A-1, E-l, and 
F (fig. 2). These lines were drawn for the percentage-stand arrays 
included in the test. By Fisher^s t test, the deviations of the expected 
from the obtained means in each array were not significant for any 
of the three tests. The z values for the three tests (0.2003, 0.1776, 
and 0.2948) closely approached the expected 5-percent points for 
significance (0.2867, 0.2926, and 0.3520). With larger populations, 
particularly in the extreme arrays, it seems probable that significant 
deviations from a straight line could be shown. 

It is evident (fig. 2) that the regression lines must pass through 
the zero points for percentage of stand and for tons of beets -per acre. 
It is also evident that the yield of beets will not continue to increase 
indefinitely in direct proportion to the increase in percentage of stand. 
In fact, it appears for the width-of-row and spacing data, which are 
also presented in figure 2, that up to 8-inch spacing there is generally 
some increase in tonnage yields, with an indication of a slight reduc¬ 
tion in yield from 8- to 6-inch spacing. The reduction in yield for 
6-inch as compared to 8-inch spacing was not statistically significant 
in any case. It was definitely shown at Fort Collins (table 1), how¬ 
ever, that when doubles and triples alternated in the row, with the 
border rows consisting of doubles, there was a significant loss in ton- 
nage, and it may be concluded that the stand was too dense in this 
case for maximum tonnage. From these results, it would seem 
probable that with sufficient data covering the entire range of arrays 
i. e., from zero to 200- or 300-percent stand, it should be possible to 
show a gradual curve, with the weight of beets increasing directly 
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in proportion to the number of l)eets for the lower percentage stands. 
This rate of increase would become gradually less as competition 
became more of a factor untU the maximum was obtained; then an 
actual decrease would result as the stand became more dense. 



FrouRE 2.—Straight regression lines obtained for experiments A, E, and K {see table 6) with antidimted 
curvilinear projection (broken line) which intercepts the base lines for percentage of stand (20.136 beets 
per acrenl()()-i>ercent stand) and tons of beets per acre at the sero point The mean yields for the width- 
of-row and spacing study, which are given in table 7 and plotted similarly in this figure, and the different 
values for each width of row are connected with straight lines. The yield is to a much greater extent 
dependent upon the density of the stand when the variation in stand is due largely to the presence of 
missing plants or skips (A-l, E~l, and F) than when the variation is due to uniform differences in .spacing 
(18*. 20-, 22-, and 24-inch widths of row). 

the Mitscherlich effect law to the data of Soufiek {6) 
and De Haan and Klijnhout {2) Willcox (7) has shown that a 
gradual curve is to be expected up to a certain point of density of 
127066—35-2 
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stand, but that further increases in stand are not expected to alter 
the yield. 

When correction was applied, on the basis of known competition, 
to the individual plot yields for the 1930 uniformity trial (A, table 0), 
the linearity of relationship was somewhat improved (%• 3), as shown 
by the sums of squares for deviations of the expected from the ob¬ 
tained mean-array values. The obtained z values for deviations from 
a straight line are 0.2003 and —0.0401 for before and after correction, 
respectively, with a 5-percent ]K)int of 0.2807 for each. As shown by 
figure 3, the obtained mean much more closely approached the 
expected when correction had been made. While it is quite evident 
that the correction instituted materially improved the linearity of 
j'elationsliip between stand and yield, it is not feasible to consider 
such an arduous and costly method for practical plot work. 


N AFTER BEFORE 



Fr(jirRK 3—(Calculated atraight reKression lines for a iiiiifornnry trial al Fori ('olliris, Colo , 1»30, with 
obtained mean yieldsin tons of beets per acre for each riercentaue-stand array N, Number of obsor\ at ions; 
two riRht-hand columns show the sums of Miuares for deviations of the otitainod from the e\iH‘cted for 
each percentage-stand array. 

Results obtained in connection with a fertilizer experinient con¬ 
ducted on a farmer’s field substantiate forcibly the relationsbip 
between the stand and tonnag:e yield. Strictly competitive beets, 
which were harvested from check or untreated plots in this particular 
experiment, aver^eil 13.54 tons per acre. The stand averaged 51 
percent, and the field as a whole produced an average of 7.29 tons per 
acre, or 6.25 tons less than were obtained for the comj)etitives. As¬ 
suming a rej^ession of 1.25 tons of beets for each 10 percent in stand, 
the assumption being a fair one in relation to the results herein pre¬ 
sented, a loss in tonnage of 6.13 tons per acre can be accounted for as 
due to a loss of 49 percent in stand. Figured at the local factory price 
paid to farmers for the 1932 crop, the farmer suffered a net loss of 
$29.56 per acre from this loss in stand. The initial stand was excellent, 
the loss being almost wholly due to lack of diligence and care in 
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blocking and thinning and later cultivation. With careful work, the 
farmer should have harvested almost a perfect stand and nearly 
doubled the tonnage which he obtained, thereby realizing a net profit 
for his capital and labor invested. 

RELATIONSHIP BETWEEN YIELD AND STAND 

The mean yields for each of the treatments used in the spacing 
study arc presented in table 7. 


Table 7. — Yield of heels per acre for competitive heels in spacing study^ Fort Collins^ 

Colo,, 1931 

(V'allies are given as means of fi plots] 




Yield when the spacing was - 



Width of row (inches) 

— 

— 

— 

— 

1 ' 


Average 

yiehl 


f5 inches 

8 inches 

10 inches 

12 inches 

14 inches 

16 inches 



Tims 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

IH . - ... 

m. 10 

20 28 

19 60 

19 13 

19.02 

18 77 

19.48 

20 . - . 

m 

20.50 

19 96 

19 58 

19 17 

18 31 

19 56 

22 

18 73 

IH 79 

18.17 

19 07 

18 25 

17.67 

18 45 

24-1 \ 

17 71 

18 20 

17.21 

18.17 

17.13 

17 51 

17.67 

Average . . _ 

19 10 

19. 46 

18 73 

18 99 

18 39 

18 06 



The obtained c values for spacing, width of row, and interaction of 
spacing with width of row were 0.4769, 1.1082, and —0.5156, respec¬ 
tively. The corresponding 5-percent points were 0.4176, 0.5950, 
and 0.4176, indicating significance for only spacing and width-of-row 
differences. It is obvious that the 18- ana 20-inch widths of row 
produced a heavier tonnage of beets than the 22- and 24-inch widths 
when the stand was approximately the same. It is also apparent 
that, in general, the larger yields were obtained from the 8-inch 
spacing. The tonnage for the 6-inch spacing dropped off slightly, 
although not significantly, for each width of row. The increase in 
yield from the 8-incli s])acing over that from the 12- and 10-inch 
spacing is shown in table 8. 

There were 50 percent more beets per acre for the 8- than for 
the 12-inch spacing, and 100 percent more for the 8- than for the 
l(j-inch. The coiTes])onding average yield increases for the four 
widths of row were 0.47 and 1.39 tons of beets per acre, with a 
difference of 0.85 tons i)er acre necessary for significance. The 0.47- 
ton difference betw^een the 8- and 12-inch spacing does not approach 
significance, wdiilo the 1.39-ton increase of the S-im^h over the 16-inch 
is highly significant. Tliis provides a striking contrast to the regression 
within blocks, wliich ranges from 0.76 to 2.10 tons of beets per acre 
for each lO-j^ercent increase in stand (table 6), the essential difference 
being that the variation in stand in the spacing study is due to uniform 
space allotment and also very largely to the presence of skips in the 
regression studies. The obvious conclusion is that uniformity of 
stand is a relatively far more important factor in determining final 
yield than is the particular width of row or spacing used. Wliile it is 
not essential to this phase of the study, it is of interest to record that, 
although the tonnage of beets per acre is larger for the narrower 
spacings, the individual beets obtained were smaller and slightly 
lugher in percentage of sucrose and purity. 
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Table 8. '-Yield of heels per acre from 8~inch spacing as compared with yield from 
12- and from 16-inch spacingj Fori Collins^ Colo., 1931 


Width of row (inches) 


Increase or decrease (- ) 
of yield per acre from 
8-inch spacing as 
compared with that 
from - 


12-inch ]f)-inch 

spaciDK spacing 


IS-._... 

20 _ 

22 . 

24_ - . 

A verage 


Touh 
l.lf) 
.92 
- .28 
.09 

47 


Tons 

1 .M 

2 19 
1.12 


1 39 


DISCUSSION 

The results rejiorted indieate that the supir beet is eapable of 
marked response to variations in available space for development. 
Weifijht of beet is influenced to a much i^reater extent by an increase 
in the space allotment per plant than is either percenta^f* of sucrose 
or apparent coefficient of purity. 

In agronomic experinv^nts with sugar beets the stand may be influ¬ 
enced by the type of treatment or diflerential response between 
varieties. Experiments which seek to determine the value of such 
factors as frequency and depth of cultivation, machine blocking as 
compared to hand blocking, time of planting, fertilizers or fertilizer- 
placement methods, irrigation, spacing studies, and thinning jiractices 
may be expected to showr differences in stand betw^een treatments with 
resulting variations in weight and (juality of individual beets. In such 
cases the stand must be held constant in order to obtain a measure 
of the effect of the treatment. This may be obtained by harvesting 
only those beets wdiich are surrounded by a full stand, i. e., normally 
competitive beets. 

In actual practice it is clearly advantageous to have the beets either 
mechanically blocked or spaced by hand with reference to a marked 
tape. Metal boxing tape marked with lacquer is very useful for this 
purpose. It has been customary in the agronomic experiments to 
insist on competition on four sides. The data (table 1) indicate that 
although there is small response from 1 corner blank, 2 or more 
corner blanks may result in as large an error as 1 adjacent blank in 
the adjacent row. It is essential, therefore, to consider the presence 
or absence of beets on the corners in critical studies. 

From the grower's standpoint it is of consi(lerable interest to b(^ 
able to present the yields on the acre basis regardless of the nature of 
the stand. This information may be obtained in addition to the 
perfect-stand data by harvesting the normally competitive beets 
(which are surrounded by perfect stand) separately from the noncom¬ 
petitive beets (which lack competition in the same or adjacent rows). 
In practice the noncomjjetitive beets may be topped sufficiently with 
a hoe just previous to harvest to mark them. When lifted the com¬ 
petitive beets are first removed from the plot, leaving only the non¬ 
competitive beets to be taken up as a separate lot. The samples for 
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laboratory determinations are usually taken from the competitive 
beets in order to assure comparable results. 

The regression of weight of beets on stand, if linear, would be useful 
in adjusting yields to a uniform-stand basis for treatment comparisons. 
From the regression values presented, it appears that this relationship 
was essentially linear within the observed stand limits. It is apparent, 
however, that this relationship would have been nonlinear with wider 
variations in stand (fig. 2). 

The practical importance of skips in the stand was shown in the 
r(‘gression of weight of beets on stand. Three separate studies were 
made to demonstrate this relationship. Each 10-percent increase in 
the number of beets per unit area resulted in a corresponding increase 
of 0.76 to 2.10 tons of beets per acre (regression within blocks, table 6). 
This is in striking contrast with the results obtained from a spacing 
study (table 8), where there was an increase of 0.47 ton of beets 
])er acre for a fiO-percent increase in stand (S- over 12-inch) and 1.39 
tons for a 100-percent increase (8- over l()-inch) when the spacing was 
consistcuit and uniform. These results demonstrate clearly the neces¬ 
sity of uniform stands for the commercial grow er of sugar beets. The 
placement of major emphasis on uniformity of stand involves almost 
every field j)ractice, particularly those operations preceding and im¬ 
mediately following blocking and thinning and, to a somewhat lesser 
extent, cultivation, irrigation, and inotection against insect pests. 

SUMMARY AND CONCLUSIONS 

The studies here reported were conducted near h\)rt Collins, (^olo., 
in 1930 and 1931, and at Kocky Ford, Colo., in 1931. The object 
was to determine the response of sugar beets to increased space allot¬ 
ment per plant, and the relationship which exists between w eight and 
density and uniformity of stand. 

On the basis of 2 years ^ results obtained at three locations, it 
was determined that the beets surrounding a single blank space were 
increased in weight to com])ensate for 96.2 percent of the loss of a 
single beet. 

As an average of the three locations, increases in root weight of 
28.7, 56.2, and 1)5.0 percent were obtained for beets adjacent to 1 
blank space in the same row , between 2 blank spaces in the same 
row, and with blank spaces on 4 sides, respectively. The respective 
suci'ose values in percentage of the check were 99, 98.9, and 95.6 
percent, and increases in area 41, 82, and 100 percent. 

It is evident from the data presented that beet W'cight was greatly 
influenced by the relative area available for development. As the 
size of the beet increased in response to increased spacing allotment, 
there was a slight negative response in percentage of sucrose an(l 
possibly in the apparent coefficient of purity, although the effect on 
the appai’ent coefficient of purity appears to be less than that shown 
for percentage of sucrose. 

When doubles were alternated with singles in the same row and the 
adjacent rows consisted entirely of singles, the weight of the singles 
adjacent to doubles in the row appeared to be reduced slightly. The 
respective yields for the two locations of singles alternated with 
doubles were 79.5 and 94.7 percent of the check. The corresponding 
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percentage yields of 92.3 and 112.3 when both doubles and singles were 
included did not differ significantly from the check yield for singles. 

At Fort Collins a significant decrease in tonnage resulted from alter¬ 
nating doubles and triples, the border rows consisting of doubles. The 
respective yields for the doubles and triples were 85.5 and 75.1 percent 
of the singles. At Rocky Ford the total yield for doubles and triples 
was greater than the check, although not significantly so. 

Weight of beets was found to be significantly correlated with per¬ 
centage of stand, the r values ranging from -1-0.3454 to -(-0.7098 for the 
relationship within blocks. 

The regression of weight of beets on stand proved to be essentially 
linear for the three experiments, although in each case the deviations 
from regression were siudi that the obtained ? values were only slightly 
less than the expected values for the 5-percent point. It is probable 
from the data presented that, with a widtu- range of stand, non¬ 
linearity could be demonstrated. For eacdi inci’cuise of 10 f)ercent in 
stand, there was a corresponding increase ranging from 0.7(> to 2.10 
tons of beets per acre foi* regpssion wdthin blocks. 

Yields obtained in conne(*,tion w ith a study of w idth of row and spac- 
ingshowed increases of an average of 0.47 ton for the 8-over the 12-inch 
spacing, or an increase of 50 percent in number of beets per acre, and 
1.39 tons for 8- over 10-inch, or a 100-percent iruTcase in number of 
beets per acre, the spacing being accurate and uniform. Uniformity 
of space allotment, or, in other words, the elimination of skips or 
blank spaces in the stand, appears to be relatively a far more important 
factor in determining final yields than the j)articular width between 
rows or the spacing between beets in the row\ 

Practical suggestions arc made for harvesting experimental plots of 
sugar beets in order to eliminate the effect of variations in st and. 
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STUDIES ON PROPERTIES OP THE CURLY TOP VIRUS ' 

By C. W. Bennett 2 

Pathologistj Division of Sugar Plant Investigations^ Bureau of Plant Industryl 
United States Deparhnent of Agriculture 

INTRODUCTION 

The determination of properties of the curly top virus is somewhat 
more difficult, than are similar determinations with many other vi¬ 
ruses, as the percentage infection from artificial inoculation is too 
low to atford a critical test for the presence or absence of virus. 
"Ilie unsatisfactory results from artificial inoculations have forced 
investigators to rely on the natural insect vector, Kutettix tenellus 
(Haker), for the production of any considerable amount of infection. 

Experimental work on the properties of the curly top virus was 
facilitated by the development of a method by Carter (5) for arti¬ 
ficially feeding the beet leaf hopper. This method consists in plac¬ 
ing a li(iuid containing the virus in a bag made of animal membrane 
and allo>\ing nonviruliferous leaf hoppers access to the outside of the 
hag. The leaf hoppers puncture this membrane and feed sufficiently 
on th(' liquid to acuiuire the virus. In this way the beet leaf hopper 
may be utilized to transfer virus from the liquid medium to suscep- 
tibfe tissue of beet plants. 

Modifications of Carter’s original method of feeding the beet leaf 
hopper have been devised and used with considerable success in 
st udies on the proiierties of the virus by those interested in this field 
of research. Severin and Swezy (14) determined that the virus is 
filterable, and recently Severin and Kreitag (13) pubhshed results of 
further investigations on properties of the virus. In the latter work 
it. was shown that the virus may be recovered from expressed beet 
juice after a period of aging ranging from 8 to 100 days, the period 
apparently depending 011 the previous treatment of the juice and on 
the conditions under which the virus was preserved. Virus was re¬ 
covered from beet juice diluted 1:2,000 and from macerated leaf 
hoppers dilured 1:22,000. The virus was inactivated by a 10-min- 
ute exposure at 80° (\, but temperatures considerably below freez- 
ing apparently had no injurious effect. No virus was recovered from 
dried plant tissue nor from dried beet leaf hoppers. 

Studies on tlic properties of tlie curly top virus were started at 
Riverside, (^alif., the latter part of 1932 and were continued during 
the following 2 years. In this paper certain methods which have 
greatly facilitated the experimental work are described and the re¬ 
sults of the investigation are preseuted. 

METHOD OF MAKING TESTS FOR VIRUS 

In all of the tests for the presence of active virus in this series of 
studies, beet leaf hoppers were used as the agents of transfer of virus 
from the liquid medium to seedling beets. Several types of cages for 
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feeding leaf hoppers were tried, one of which, designed for feeding the 
insects with small quantities of exudate obtained from the beet plant, 
proved very satisfactory for use with all kinds of virus-containing 
media. Cages of this type were used for the most part and were 
constructed as follows: 

Each feeding cage was made from an ordinary 4-ounce bottle hav¬ 
ing a diameter of approximately 2 inches. The bottle was cut into 
three parts and the top part discarded. The two remaining 

parts were ground smooth on 
the cut surfaces. The middle 
portion, covered at one end 
with cloth and at the other end 
with Baudruchc capping skin, 
served as a cage for confining 
the leaf hoppers. The bottom 
portion was used as a moist 
chamber over which the cage 
was set. Nonviruliferous beet, 
leaf hoppers were placed in the 
cage through an opening in the 
cloth cover and subjected to a 
starvation period of 2 to 18 hours, 
depending on the temperature. 
At the expiration of the starva¬ 
tion period the cage was invert¬ 
ed and drops of the material to 
be tested for virus content were 
placed on the capping skin. The 
cage was then quickly righted, 
so as not to disturb the drops of 
medium, and placed over a moist 
chamber (fig. 1). The cages 
were placed under lights in a 
hood at a temperature of 95° to 
110° F. and the leaf hoppers 
allowed a feeding period of 4 to 
() hours. The leaf hoppers were 
then removed and, except as 
noted, caged singly on seedling 
beets. The number of plants infected under these conditions was 
taken as a relative measure of the virus content of the material on 
which the leaf hoppers had fed. 



Fig L HE 1 - 


Cage used in arliflcial feeding of the beet 
leaf hoi>i)er. 


SOURCES OF VIRUS 


BEET JUK^E 

Juice expressed from sugar beet plants affected with curly top has 
been used as the source of virus in nearly all of the studies on proper¬ 
ties reported up to the present time. This beet juice, when fed 
directly to the beet leaf hopper, is not an especially favorable liquid 
from which to obtain virus, since only a small percentage of non¬ 
viruliferous beet leaf hoppers become viruliferous as a result of such 
feeding. Some estimate of the proportion of leaf hoppers that may 
be expected to acquire virus from beet juice may be obtained from 
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results selected from one of the experiments of Severin and Freitag 
{13)j which seems to be representative. Using approximate!}^ 33 
artificially fed leaf hoppers for inoculating each plant, they obtained 
4.6 percent infection from leaf juice, 46.6 percent from root juice, 11.5 
percent from leaf juice diluted with 5-percent sugar solution, and 
4.3 and 42.1 percent, respectively, from leaf and root juice centrif- 
upalized at high speed. These results indicate that even with the 
higher percentages of infection the actual number of the artificially fed 
leaf hoppers which picked up virus was small, since it is well known 
that a single viruliferous leaf hopper is able to transmit disease to a 
considerable percentage of the plants on which it feeds. 

The limited capability of the leaf hopper for picking up virus from 
beet juice is furtlier illustrated by the results shown in table 1, in 
which less than 4 percent of the total number of leaf hoppers given 
access to leaf and root juice and caged singly on seedling beets 
transmitted disease. 


'I'ahlk 1. livlaltve araiJalnlH i/ to hnl leaf hoppers of nras in leaf juice, root juice, 
and phloem exudate of sugar beets affected ivilh eurlp top 


i 

Beet no. 

Leaf juice 

Hoot juice 

Phloem exinlate 

Plants 

inoculated 

Plants 

infected 

Plants 

inoculated 

Plants 

infected 

Plants 

inoculated 

Plants 

infected 


Xumber 

NumheT ' 

Number 

Number 

Xu mber 

Number 

1 

1 H(l 

3 

80 

5 

80 i 

26 

2 .... 

20 

0 

. 


20 

5 

.1 .... 

20 

0 

k) 

0 

20 

7 


20 

0 

20 

1 

20 

14 

.) ... 

20 

1 

20 

0 

20 

14 

Totnl . . 

im 

1 


HO 


160 j 

66 


Direct utilization of the expressed juice of diseased plants, because 
of the limited feeding which takes place, the high mortality of the 
insects, and other circumstances, involves the use of excessively large 
numbers of beet leaf hoppers to secure results, and the results are 
often contradictory and difficult of interpretation. Nevertheless, 
the method may be used successfully in the study of certain properties 
of the curly top virus. It is obviously unsuited for studies in which 
chemical agents on which the leaf hopper will not feed or which are 
injurious to the leaf hopper are addea to the liquid containing the 
virus. In anj'^ type of property studies the method involves the 
exercise of a great amount of patience and effort and necessitates the 
use of enormous numbers of leaf hoppers. 

Because of these obvious shortcomings of beet juice as a source from 
which beet leaf hoppera may acquire virus, the first efforts in this 
series of property studies were directed towa^'d securing liquids of 
high virus content more acceptable to the beet leaf hopper than beet 
juice has proved to be. Attempts were made (1) to obtain the liquid 
content of the phloem of the beet and other plants in which there is 
reason to believe virus occurs in relatively high concentrations and (2) 
to separate the virus in expressed beet juice from materials that are 
toxic or unacceptable to the beet leaf hopper. 
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PHLOEM EXUDATE 

According to the available evidence {2) the curly top virus occurs 
in the phloem of diseased plants in much greater concentrations than 
in other tissues. Since it has been shown also that the beet leaf 
hopper seeks the pliloem elements in its feeding, the phloem content 
of aiseased plants should constitute the best possible medium from 
which to recover virus when the beet leaf hopper is used as the agent of 
transmission. 

Many varieties of cucurbits are susceptible to the curly top disease. 
Since these plants are known to give off considerable quantities of 
exudate from the pliloem when the stems or petioles are cut, prelimi¬ 
nary tests of phloem exudate as a virus-carrying medium were 

made with Hubbard squash {Cucurblta 
maxima Duchesne) as the source of 
exudate. However, it was found that 
the exudate from this and other tyi)es 
of cucurbits coagulates (luickly upon 
exposure to air and even when consid- 
erabl}^ diluted with water or 5-percent 
sugar solution it is not a favorable food 
for the beet leaf hopper. After having 
access to the phloem exudate from 
s<|uash for 4 hours the loaf hoppers 
were weak and emaciated. However, 
of the 120 leaf hoppers exposed for 4 
hours to this material and then caged 
singly on healthy seedling beets, 15 
produced infection. 

Attempts were made next to obtain 
exudatefrom the jddoem tissueof sugar 
beets, Heta rvlgaris L. Under certain 
conditions of rapid growth and higli 
bun idity, drops of clear or colored 
liquid appear on the blades and petioles 
of diseased beets (fig. 2). A small quan¬ 
tity of this exudate was collected by 
means of capillary tubes and tested by 
Figure 2.—Exudate on diseased beet loaves. allowing leaf hoppers to feed on it 
. and then transferring them singly to 

seedling beets. This exudate proved to have a high virus (*ontent 
and, if diluted sufficiently with water, served as a very satisfactory 
food for the beet leaf hopper. Exudate can be obtained only in very 
limited quantities from diseased blades and petioles. However, it 
was found that by properly regulatinf? environmental conditions 
exudate could bo obtained m larger quantities from the cut surface 
of both diseased and healthy beet roots. 

After considerable testing of conditions which favor exudation the 
following method was adopted as best suited to this puriiose. Beets 
2 to 6 inches in diameter were removed from the soil, washed, topped 
placed m sand m a container, and covered to avoid excessive evapora- 
tion. The to^ of the beets projected 2 to 3 inches above the surface 
01 the sand. The sand was kept wet but sufficient drainage was pro- 
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vided to prevent water-logging. A thin layer of tissue was removed 
from the top of each beet. On the cut surface drops of exudate 
appeared above the veins as shown in figure 3. These drops were 
collected by means of small glass tubes. Beets, if freshly cut, will 
yield exudate each day for as long as 3 weeks. The largest yield was 
always obtained after the first cut, and the volume of flow decreased 
progressively as other 
cuts were made. Asa 
rule it is not desira¬ 
ble to cut beets more 
than once or twice 
each day. There is 
no evidence that tlie 
virus content of tlie 
exudate is influenced 
by the number of 
times tlie beet is cut 
or by the time it stays 
in sand so long as it 
remains sound. Tests 
showed that the leaf 
hopjiers fed readily 
on this exudate and 
that a large percent¬ 
age acquired virus, as 
was ])rovod by their 
ability to cause infec¬ 
tion. Table 1 shows 
compara tive results 
in acquiring virus by 
lots of leaf hoppers 
allow'cd to feed on 
exudate from sugar 
lieets affected with 
curly toj) and on ex¬ 
pressed juice from 
leaves and roots of 
the beets from w hich 
the exudate was 
derived. 

The available evi¬ 
dence as to the origin 
of the exudate ob¬ 
tained as described 
above indicates that 
it is derived chiefly 
Irorn the iihloeni. 

Crafts (7) and others 
have shown that a positive pressure normally exists in the phloem 
of certain plants and that liquid content escapes when phloem is 

a ed. The appearance of drops of exudate on the petioles and 
Bs of diseased beets suggests that phloem content is extruded 
to the exterior as a result of pressure. Esau {8) presented results 
of liistological studies which show that liquid moves to the surface 



Fiqurk a.—Drops of exudate on cut .surface of diseased beet. 
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from the region of plilocm through the intercellular spaces, indi¬ 
cating strongly that the natural exudate on blades and petioles is 
derived from the phloem. 

The exudate from the cut surface of beets collects in beadlike drops 
at the severed ends of the vascular bundles, indicating clearly a vas¬ 
cular origin. Evidence has been presented {2) indicating the non¬ 
occurrence of virus in the xylem elements of the vascular bundle. 
The high virus content of the exudate from sugar beets affected with 
curly top, therefore, is evidence that it is not derived from the water¬ 
conducting tissue but from the phloem. Moreover, exudation is not 
of the type which commonly results from injured xylem. Exudation 
from the cut surface of beets continues for a, jieriod of 30 minutes to 
2 hours following cutting. Further exudation can be induced only by 
making fresh cuts. This suggests a closing of the outlets by coag- 
ulable materials of the phloem, a phenomenon that occurs to a more 
marked degree in cucurbits where, after injury, exudation continues 
for only a few minutes but can be induced rc])eatedly by making fresli 
cuts, lileeding from the xylem would be expected to continue over a 
longer period. 

The exudate from the cut surface of diseased l)eets ciosely resembles 
the natural exudate from the petioles in viscosity, hydrogen-ion con¬ 
centration, oxidation reactions as indicated by color changes, total 
solids, and virus content. Tt seems logical to assume that naturally 
occurring exudate is derived from the phloem and that the exudate 
from the cut surface of beets is made up of the contejit of phloem 
tissues except for a certain amount of unavoidable contamination from 
injured cells of other tissues mainly parenchymatous in nature. The 
high virus content of phloem exudate of curly top diseased beets and 
its acceptability to the beet leaf hopper n ake this material an ex¬ 
tremely satisfactory source of curly top \irus. It has been used 
extensively in all experiments in which only small (piantities of virus- 
containing liquid were required. In experin exits requiring a con¬ 
siderable volume of liquid other materials have been used. 

PHECIPITATES FROM BEET JITK’E 

Separation and purification studies by a number of investigators 
have shown that viruses have an affinity for (*-ertain types of precipi¬ 
tates formed upon the addition of certain chemical compounds to 
plant juices. Allard (I) found that the virus of tobacco mosaic is 
contained in the precipitate formed from tobacco juice when acetone 
or alcohol is added. Vinson {16) developed a method for purifying 
the virus of tobacco mosaic from the precipitate formed when safranine 
is added to the expressed juice of tobacco. 

The addition of alcohol or acetone to beet juice results in the pro¬ 
duction of a precipitate that is easily removed by centrifugalization. 
It was found that this precipitate contained considerable virus that 
was released in a supernatant liquid after the precipitate was dried to 
remove the alcohol, suspended in water, and centrifugalized. Making 
use of this principle, the following method was developed for preparing 
virus-containing liquids for leaf liopper feeding. Juice from diseased 
beets is added to an equal volume of 95-percent alcohol. The result¬ 
ing precipitate is thrown down by centrifugalization and the super¬ 
natant liquid, which contains most of the materials of the juice that 
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are unacceptable to the beet leaf hopper, is (Uscarded. The precipitate 
is washed in 50-percent alcohol, dned, suspended in 5-percent sugar 
solution, and centrifugalized. The supernatant liquid from this 
second centrifugalization contains considerable virus and is very 
acceptable to the beet leaf hopper. The percentage of leaf hoppers 
that acquired virus from such a medium varied with the different 
preparations but was sufficiently high to justify the use of the medium 
in experiments in which phloem exudate could not be used because of 
the relatively large quantities of lupiid required. 

It was found that this method of separating the virus from mate¬ 
rials that interfere with leaf hopper feeding could be used also with 
])hloem exudate, ground beet leaf hoppers suspended in water, and 
with other virus-containing liquids which have proteins or other com- 
])()unds that are precipitated in an alcoholic solution. The method 
has been of considerable value in separating the virus from toxic 
materials of the beet juice and from liquids to which various chemical 
compounds were added to determine their effect on the virus. 

PRECIPITATION AND PURIFICATION 

A niuiiber of tests were made to determine the completeness of the 
removal of the virus by the precipitate formed in beet juice and 
plvloem exudate upon the addition of alcohol or acetone, and also to 
determine insofar as possible the completeness of release of the virus 
wlien the ])recipitat(' is thoroughly shaken in water or in 5-perccnt 
sugar solution. For tliese tests jui(‘e was pressed from badly diseased 
beet tops that previously had been frozen. A volume of 95-percent 
alcohol e(|ua1 to the volume of juice was added and the resulting pre¬ 
cipitate thrown down by centrifugalization. The precipitate wtia 
washed once with a volume of 50-percent alcohol e(|ual to twice the 
volume of juice. It was then dried and made up to the original vol¬ 
ume of juice with 5-|)ercent sugar solution. This was shaken well 
and centrifugalized, and the supernatant lujuid was reserved for test¬ 
ing. The precipitate was washed with 5-percent sugar solution a sec¬ 
ond and a third time. Tests were made to compare, as a virus source, 
(1) the original beet juice, (2) supernatant luiuid after alcoholic pre¬ 
cipitation, (3) supernatant liquid from the 50-percent alcoholic wash, 

(4) supernatant liquid from the first 5-percent sugar solution wash, 

(5) su])ernatant liquid from the second 5-percent sugar solution wash, 
iind (0) su])ernatant liquid from the third 5-percent sugar solution 
wash. The alcohol was removed by evaporation from the supernatant 
liquid and the precipitate in (2) and (3). 

Table 2 shows the results of a series of tests in which nonviruliferous 
leaf hoppers were fed on these preparations. As in previous experi¬ 
ments, tlie leaf hoppers were able to obtain very little virus from the 
untreated bqet juice. No virus was obtained from the supernatant 
liquid following the alcoholic precipitation and little was recovered 
by washing the precipitate with 50-porcent alcohol. These two liq¬ 
uids were evaporated to dryness and the residues made up to the 
original volume of beet juice with 5-percont sugar solution. They 
were not particularly distasteful to the leaf hoppers, although they 
were not so acceptable, apparently, as the other preparation. Tlie 
fact that under these conditions the leaf hoppers picked up very little 
virus indicates that the removal of virus from the leaf juice by alco- 
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holic precipitation is practically complete and also that the precipitate 
may be washed in f)0-percent alcohol without appreciable loss of virus. 

A considerable quantity of virus is released from the alcoholic pre¬ 
cipitate when it is washed with a 5-percent su^ar solution, but a con¬ 
siderable quantity also is retained as shown in the tests of the second 
and third 5-percent sugar solution washes. Tests in which the second 
and third washes were used as virus sources gave almost as much 
infection as was obtained by using the first wasli. 

Experiments similar to the foregoing were made with phloem exu¬ 
date as the original source of virus. As in the foregoing experiment, 
the removal oi the virus by precipitation with alcohol was almost 
complete. The precipitate was washed six times with 5-percent 
sugar solution. Tests indicated that there was almost as much virus 
in the sixth wash as in the first. 

Loss extensive experiments indicate that acetone is about as effec¬ 
tive as alcohol in precipitating the virus. Virus is released from the 
acetone precipitate, as from the alcoholic precipitate', upon the addi¬ 
tion of water or 5-percent sugar solution. 


Table 2 . —Leaf juice compared with alrohohc precipitate of leaf juice subjected to 
different treatments^ as a source of virus for beet leaf hoppers 

[20 plants were used in each lest with each tyiie of inoculum] 

Plants infected from indicated virus source ^ 


Test no. | 

Leaf juice ^ 

Alcoholic 
w'osh of 
preeiintate * 

First wash 
of pre¬ 
cipitate 3 

Second 
w lush of 
precijiitiite 


Number 

Number 

Number 

Nv rnber 

1 .. 

0 

0 

6 

1 

2 . _ . 

0 

0 

t) 


3 . . . 

0 

0 

11 

17 


0 

1 

i 

n 

a 

0 

1 

n 

7 

«... . 1 

1 

0 

II 

ir» 


_ 


--- 



Third wash 
of pre¬ 
cipitate 3 


y umber 

0 

1 

JO 

II 

.‘t 

It 


> No infections resulted \^hcn supernatant Ihiuid from alcoholic precipitate was used lus source of virus. 
* Alcohol was removed by evaporation. 

3 5-iieroent sucrose solution wa.s tused for washing. 


When alcoholic precipitates of beet juice or phloem exudate are 
suspended in 5-percent sugar solution and centrifugalized, the super¬ 
natant liquids usually retain enough material in suspension to produce 
a slight cloudiness. Some material remained in suspension even after 
prolonged centrifugalization. However, visible susj)ens()ids were 
removed by passage of the supernatant liquids through Berkefeld and 
Mandler candles, and since the filtrates contained active virus, these 
visible suspensoids are apparently not essentially associated with the 
virus, although they may have some correlation With virus concentJ*a- 
tion in these preparations. 

Virus-separation teste were made also by the safranine precipitation 
method developed by Vinson (16) for purifying tobacco mosaic virus. 
Juice expressed from previously frozen leaves of diseased beets was 
centrifugalized to remove the coarser particles. Five cubic centimeters 
of a 1-percent aqueous solution of safranine was added to 25 cc of ex¬ 
pressed juice. The resulting precipitate was thrown down in a cen¬ 
trifuge, washed with a volume of water equal to that of the juice, and 
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suspended in 25 cc of distilled water. One gram of Lloyd^s alkaloidal 
reagent was added, and the mixture was shaken at intervals for 30 
minutes. It was then centrifugalized and the supernatant liquid, if 
almost clear, was xiourcd off and tested for virus content. If safranine 
was still present in too great a quantity, the treatment with Lloyd^s 
reagent was repeated. In most instances it was possible to obtain a 
straw-colored or slightly pink liquid. One gram of sugar was added 
to 25 cc of supernatant liquid, and tests were made for virus content 
by means of nonviruliferous leaf hojipers. Other tests were made in 
wdiich phloem exudat(^ was used instead of beet leaf juice. 


Table 3. Vu'as availahlv to hect leaf hoppers in supcrnatanl liquids from, different 

prea pdates 


Source of superiiafaut liquid for virus tests 


Plants 

inoculated 


Plants 

infected 


Safranine precipitate... .... .... .. . 

Alcoiiol i)ri‘cipitato-_- _ .. . .. 

Acetone prociiiitate._ . .. . . . 

Alcohol precipitate and Lloyd’s reagent.. .. 


Number 

60 

60 

00 

20 


Number 

1 

28 

20 

14 


The results (table 3) indicate that the leaf hoppers were able to 
acfjuire very little virus from tlie supernatant liquid from the safranine 
precipitate. As controls on the technic, supernatant liquids from 
alcohol and acetone ])recipitates were used and it was found that the 
leaf hop])tu*s acquired considerable virus. The reason for the failure 
to obtain more virus from the supernatant liquid of the safranine 
])re(‘i|)itate is not (dear. The leaf hoppers fed reasonaldy well on this 
material, though not so satisfactorily as on the supeniatant liquids 
from the alcohol and acetone precipitates. This poorer feeding on the 
part of the leaf ho])pers was a])parently due to somethmg released 
from Lloyd’s reagent, since 1 g of Lloyd’s reagent shaken in 25 cc of 
supernatant liquid prepared from an alcohol precipitate showed 
lower infections than an alcohol precipitate treated similarly except 
for the use of Lloyd’s reagent, llowever, from this latter liquid leaf 
hoppers acquired considerable virus and it seems unlikely that failure 
to ac(piire more virus frojn the supernatant liquid following the safra¬ 
nine precipitate w as due entirely to a lesser volume of liquid that may 
have been taken up by the leaf hoppers. It seems probable either 
that the virus is not carried dow^n in the safranine precipitate or that 
it is not released from the precipitate upon the addition of Lloyd’s 
reagent. Because of the difficulties inherent in the use of leaf hoppers 
as agents in transmission, no tests adequate to solve this problem have 
been devised. 

Other tests show that the precipitates formed as a result of the 
addition of such reagents as calcium chloride and hydrochloric acid 
and the precipitate formed by heating juice or exudate to 60® C. 
carry down the virus. As judged from the percentage of infection, 
however, the amount of virus obtained from such precipitates has 
been apparently mucli less than from precipitates formed by the addi¬ 
tion of alcohol or acetone. 
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DILUTION TESTS 

A study of the infectivity of different dilutions of extracts of dis¬ 
eased plants and of ground viruliferous beet leaf hoppers was under¬ 
taken primarily to determine the dilutions of virus-carrying media 
that could best be used in further experimental work. In view of the 
fact that pliloem exudate, the material that had proved to be the best 
source of virus, is available only in limited quantities, it was especially 
important to know bow much this material could be diluted without 
seriously decreasing virus availability to leaf hoppers. The following 
materials and procedures were used in preparing liquids of different 
virus dilutions for leaf hopper feeding. 

(1) Phloem exudate was collected from the cut surface of badly 
diseased beets and dilutions were made with ^-percent sugar solution. 

(2) Beet juice was expressed from badly diseased beets selected 
from greenhouse material. A known volume of juice was added to 
an equal volume of 95-percent alcohol. The resulting precipitate was 
thrown down by centrifugalization, washed once with 50-percent 
alcohol, dried, and made up to the original volume of juice witli 5-per- 
cent sugar solution. The precipitate was suspended in the sugar 
solution and dilutions were made direct from this mixture. 

(3) One-tenth of a gram of viruliferous beet leaf hoppers was 
ground in a mortar and mixed with 2 cc of distilled water. The 
mixture was centrifugalized and the supernatant licjuid was added to 
2 cc of 95-percent alcohol. The resulting precipitate was thrown 
down by centrifugalization, washed once witli 50-percent alcohol, 
dried, and suspended in 1 cc of 5-pcrcent sugar solution. This was 
considered a 1:10 dilution and was used as the basis for higher 
dilutions. 

Non viruliferous leaf hoppers were allowed to feed on different 
dilutions of these preparations of phloem exudate, beet juice, and 
beet leaf hoppers, and, except in the case of high dilution, as noted in 
table 4, they were caged singly on seedling beets. The following 
numbers of plants were inoculated from each dilution, using one leaf 
hopper per plant: 184 from phloem exudate, 150 from beet juice, 
and 120 from beet leaf hoppers. The results of the dilution tests 
with phloem exudate are shown in table 4. The infection percentages 
obtained from dilutions of phloem exudate, beet juice, and leaf 
hoppers are shown in figure 4. 


Table 4. — Effect of (Hlufion of phloem exudate on the number of artificially fed 
leaf hoppers that acquired and transmitted rirus 


Magnitude of 
dilution 

Plants infected 
by— 


Plants infected 
by- 


Plants infected 
by 

1 leaf 
hopper 
per 

plant ^ 

10 leaf 
hoppers 
per 

plant» 

Magnitude of 
dilution 

1 leaf 
hop|)er 
IMsr 

plant» 

10 leaf 
hopiiers 
per 

plant * 

Magnitude of 
dilution 

1 leaf 
hopper 
I)er 

plant» 

10 leaf 
hoppers 
I^er 

plant 2 

None_- . - 

Number 

57 

Number 

1:50_ --- 

Number 

53 

Number 

1 :10,000. 

Number 

0 

Number 

4 

1:5---. 

1;10 .1 

1:20 . 

72 

7« 

60 

:: 

1:100 . 

1:500_ j 

1 :1,000. I 

- - ’ 

37 

18 

U 

13 

1 :20,000. 

1:50,000.. 


0 


1 184 plants were inocalated in each test. 
2 40 plants were inoculated in each test. 
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Assuming that the percentage infection from different dilutions of 
phloem exudate, beet juice, and beet leaf hoppers, sho^ in figure 4, 
roughly represents comparative virus concentration, it is evident that 
the virus content of pliloem exudate is much greater than that of 
beet juice and somewhat greater than that of the beet leaf hopper. 

The maximum dilutions of beet juice from which virus was obtained 
correspond closely to those from which Severin and Freitag (13) con¬ 
sistently obtained virus, though the maximum dilutions from which 
they occasionally obtained virus are somewhat higher than the 
maximum reported here. These investigators showed that the maxi¬ 
mum dilutions of beet juice from which virus was obtained by feeding 
the leaf hoppers directly on the beet juice varied with the method 
of preparation and treatment of the juice before leaf hopper feeding. 
In three types of juice treatment the maximum dilution from which 
they olitained virus was 1:100 from untreated juice as expressed 
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FidrRE 4 —Influence of dilution of virus from different sources on curly top infection. 


from the plant, 1:1,000 from ceutrifugalized juice, and 1:300 from 
juice ])assecl through a Berkefeld V or W lilter. In each case a slight 
dilution was more favorable for virus recovery than was undiluted 
juice. 

In comparing the results obtained in these tests it should be noted 
that wSeverin and Freitag (13) made their inoculations by caging approxi¬ 
mately 33 artificially fed leaf hoppers on each plant. In the writer's 
tests only one insect was caged on each plant. The number of insects 
used to inoculate the test plant apparently influences infection and 
determines to some extent the maximum dilution from which virus 
may be recovered. This is illustrated by the results in table 4, which 
show that with phloem exudate as the virus source and by using 1 leaf 
hopper for inoculating each plant, virus was obtained from a dilution 
of 1:1,000 but not from a dilution of 1:10,000. By using 10 leaf 
hoppers for inoculating each plant, virus was obtained from dilutions 
of 1:10,000 and 1:20,000 but not from a dilution of 1:50,000. 

127005—35-3 
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These results indicate that mass action may be a factor influencing 
infection. Evidence of the operation of this phenomenon in infection 
by the curly top virus was first presented by Carsner and Lackey (4), 
who postulated a minimum infective dosage of virus. If it were 
assumed that some or all of the leaf hoppers that feed on a 1:10,000 
dilution of phloem exudate acquired a small amount of virus but that 
the amount acquired in each instance was below the minimum 
required for infection, it follows that no infection would result from 
leaf hoppers caged singly, assuming no increase of virus in the insect. 
However, if 10 of these leaf hoppers were caged on a single plant 
the sum of the virus aliquots introduced by the different leaf hoppers 
might reach the minimum dosage necessary for infection. Although 
the results presented here are much too meager to justify conclusions, 
the method of approach seems to hold possibilities for an attack on 
some of the phases of the mass-action problem. 

FILTRATION TESTS 

Severin and wSwezy {14) demonstrated that the virus in the juice 
of beets affected with (uirly top and that })resent in an acpieous sus¬ 
pension from macerated virulifcrous beet leaf hoppers readily pass the 
common types of ‘^bacteria-prooffilters. Since this work proves 
the filterable character of the curly top virus, it has not been thought 
worth while to make further expulsive filtration tests. Such experi¬ 
ments as are recorded here were made preliminary to tests of longevity 
of the virus in filtered and unfiltered media. 

For this preliminary work phloem exudate was diluted 1 part 
exudate to 9 parts 5-percent sugar solution and passed through 
Berkefeld N and W and Mandler medium and fine filters, under a 
pressure equivalent to 10 cm of mercury. The filters had ])reviously 
been sterilized, and the filtrate was collected in sterile flasks. The 
filtrates wwo placed in small sterile tost tubes in quantities of approx¬ 
imately 3 cc per tube. About 1 cc of liquid was removed aseptically 
from each tube for testing for virus content. The tubes with tlie 
remaining liq^iid were set aside to serve as checks on the presence of 
bacterial contaminants. Since phloem exudate is an excellent medium 
for bacteria, it is considered that the presence or absence of bacterial 
^owth in these tubes furnished an accurate index as to wdiether tlie 
filters used were effective in holding back bacteria and other micro¬ 
organisms. 


Table 5. —FilierabilUy nf curly top virus through various types of filters 
[20 i>lants were inoculated from each filtrate in each test] 


Test no. 

Plants infected by virus filtered as indicated 

Check > 

Berkefeld 

N 

Berkefeld 

W 

Mandler 

medium 

M andler 
fine 

,. 

Number 

3 

Number 

7 

Number 

7 

Number 

8 

Number 

0 

2.... 

7 

8 

4 

3 

4 

3...-.. 

13 

8 

7 

10 

7 


3 

1 

3 

4 

3 


I Unaltered. 
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The results of four series of tests (table 5) show that the virus in 
phloem exudate passed all the grades of filters used. The compara¬ 
tive numbers of infections do not indicate that any amount of virus 
measurable by tliis method is held by the filters. The virus appar¬ 
ently passes the finer grades of filters to about the same degree as it 
passes the coarser ones. 

In further tests it was found that the virus in leaf juice, root juice, 
water wash of alcoholic precipitate of leaf juice, and water wash of 
alcoholic precipitate of phloem exudate readily passed the ordinary 
filters such as the Berkeield N or Mandler medium grade. 

RESISTANCE OF VIRUS TO AGING IN LIQUID MEDIUM 

Numerous tests have shown that the virus in expressed beet juice 
retains its a(*tivity for 1 to 7 days at ordinary temperatures, but, in 
some instances, it may remain active for as long as 14 days. The 
factors responsible for these variations and those influencing inactiva¬ 
tion are very obscure. However, since the curly top virus occurs 
sparsely, if at all, in parenchymatous tissue, it may well be that 
parenchyma cells contain materials inimical to prolonged activity of 
the virus. Bacterial action and products of oxidation in expressed 
juice are also factors which must be considered in this connection. 

An experiment was planned in an attempt to separate and, if 
[)ossible, evaluate these factors suspected of being important in 
inactivation. Badly diseased leaves from young beets were frozen 
and the juice expressed and centrifugalized to remove the coarser 
particles. The juice was then divided into four lots and treated as 
follows: Ij()t 1, tubed; lot 2, passed tlu’ough a sterile Berkefeld N 
filter, and asepticall^^ placed in sterile tubes; lot 3, water wash of 
alcoholic precipitate prepared and tubed; lot 4, water wash of alco¬ 
holic precipitate jirepared, passed through a steiile Berkefeld N filter, 
and placed asoptically in sterile tubes. 

The four lots of material were incubated at room temperature and 
the tubes were removed from each lot at intervals for testing the virus 
content. For each test a water wash of alcoholic precipitate of the 
contents of the tubes in lots 1 and 2 was prepared. A small amount 
of sugar was added to this and also to the tubes of lots 3 and 4 before 
the feeding of leaf hoppers. After a feeding period of approximately 
4 hours the leaf hoppers were caged singly on seedling beets. 

Three series of tests were made. In these there was considerable 
variation in infection and some variation in the time the virus re¬ 
mained active in the three series, but the conclusions which may be 
drawn from any one of these tests are in accord with those which 
may be drawn from the combined results of the three tests shown in 
table 6. These results show that in the unfiltered leaf juice the virus 
remained active for 7 days but not for 14 days. In the filtered leaf 
juice in which the virus was not subjected to the action of micro¬ 
organisms, the vims remained active lor the same length of time as 
in the unfiltered juice. In this case micro-organisms apparently had 
no effect on the virus. It will be noted that the infection from filtered 
juice was much less than from any of the other three lots. Consid¬ 
erable difficulty was experienced in obtaining siifficient filtrate for 
tests because of the formation of a covering of colloidal material on the 
outside of the filter. This material probably interfered with parage 
of the virus and may account for the smaller number of infections. 
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In the unfiltered water wash of the alcoholic precipitate of loaf juice 
the virus was active after 14 days but not after 21 days. In the 
filtered wash of the alcoholic precipitate the virus was active after 28 
days but not after 35 days. In the unfiltcred water washings of the 
alcoholic precipitate micro-organisms a])parently had an influence in 
virus inactivation. The increased tolerance to aging in both the 
filtered and unfiltered wash of the alcoholic precipitates as compared 
to the leaf juice suggests that the elimination of the materials present 
in leaf juice but not precipitated by alcohol considerably iiH'i'eases the 
time the virus will remain active in a liquid medium. In the loaf 
juice these materials may inactivate the virus before the full influence 
of bacterial action would be exerted and this may accoiint for the fact 
that the virus remained active as long in unfiltered as in filtered juice. 


Table 6 . — Resistance of virus to aging in filtered and unfiUered Leaf juice and in 
filtered and unfiltcred wash of alcoholic precipitate of leaf juirc 

IftO plants were inoculated in each test 1 


Virus source 


Plants infected after indicated number of da\.s 


0 

1 

3 

7 

J4 

21 

2 S 

36 

Leaf juice not filtered... 

Leaf juice filtered... 

W'ash of precipitate not filtered.. . . 
Wash of precipitate filtered. 

Number 

38 

13 

3» 

22 

Number 

31 

14 

26 

23 

Number 

28 

12 

2 .> 

34 

Number 

4 

J 

8 

123 

Number 

0 

0 

4 

8 

Number 

0 

0 

I) 1 
1 ) 1 

1 

Number 

0 

u 

(I I 

Number 

0 

n 

0 

0 


INFLUENCE OF DESICCATION ON LONGEVITY OF VIRUS 

In the tests to determine the resistance of the curly top virus to 
desiccation several types of materials containing virus w’cre selected. 
These w^ere dried and kept at room temj)eraturc for the period of tlu^ 
test. Liquids for testing for the presence of the virus in tlie dried 
material were prepared at intervaJs by mixing the dried materials 
with water or with 5-percent sugar solution or by making extracts of 
the dried material acceptable to the beet leaf hopper. Nonviru- 
liferous beet leaf hoppers were allow^ed to feed on these liquids and 
caged singly on seedling beets. The infection that resulted was 
accepted as a measure of the virus content of the dried material. 
The following materials and methods were used. 

Phloem exudate. —Exudate from the cut surface of diseased boot roots was 
diluted 1 part exudate to 4 jiarts distilled water, and (> drops of the mixture was 
placed on each of several capping skins attached to the bottom of cages for feeding 
leaf hoppers. The drops were dried at room temperature before an electric fan. 
A liquid for making tests of virus content was prepared by adding a drop of dis¬ 
tilled water to each bit of dry residue. In a second test naturally occurring 
phloem exudate, dried to a sirupy consistency, was scraped from diseased beet 
petioles and placed in an open container at room temperature. At intervals a 
liquid for testing virus content was prepared by adding a small amount of the 
dry residue to 1 cc of distilled water. In a third test the alcoholic precipitate 
from phloem exudate was dried at room temperature and kept in an open con¬ 
tainer. Test liquids were prepared by mixing a small amount of the dry residue 
with 1 cc of 5-pcrcent sugar solution. 

Sugar beet plants .—Severely diseased sugar beet plants having (> to 8 true leaves 
were selected from greenhouse material. Considerable exudate was present on the 
petioles and blades. The plants were divided into two lots. The superficial 
exudate was removed from the first lot by washing but was allowed to remain on 
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the second lot. The plants were dried in a current of air at a temperature of about 
100® F. In each test for virus content six plants were pulverized in a mortar and 
steeped in a quantity of cold distilled water equal to approximately twice the 
green weiglit of the plants. The water was expressed and added to an equal 
volume of 95-percent alcohol. The precipitate resulting was thrown down by 
centrifugalization, washed once with 50-percent alcohol, and dried. It was then 
made up to a volume equal to half the volume of water added to the dried plants, 
with 5-percent sugar solution. This was shaken and centrifugalized, and the 
supernatant liquid was used as the test liquid. 

Alcoholic 'precipitate of beet juice .—^Juice was expressed from the tops and roots 
of diseased beets. The juice from each source was divided into lots of 5 cc each 
and precipitated with alcohol. The precipitate was washed once with 50-percent 
alcohol and dried. The dried material was preserved and tests were made at 
intervals bv grinding each lot of dried material in 5 cc of 5-percent sugar solution, 
centrifugalizirig, and using the supernatant liquid for feeding leaf hoppers. 

Bvel Ivof hoppers .— Viruliferous leaf hoppers were killed by tdherization, dried 
at about 100® F., and preserved in a vial. At regular intervals 50 leaf hoppers 
wen' removed from tlie vial, ground in a mortar, and mixed with distilled water. 
The mixiure was centrifugalized and the supernatant li<iuid was precipitated 
with alcohol. Tin' ])recipitate was w^ashed once with .50-percent alcohol, dried, 
made up to 1 cc with 5-per<‘ent sugar .solution, and centrifugalized, and the 
supernatant liiiuid was used to feed leaf hoppers. 

Tests of virus content of the preparations just described were 
jnade at jnontlily intervals. The results of these tests are shown in 
table 7. As iiii^ht be e.xpeoted in tests of this type, there was con¬ 
siderable variation in the percentaj^re of infection from month to 
juonth. These lluctuations were increased by a resistant variety of 
beet aceidcuitally used in some of the tests. In spite of these fluctua¬ 
tions, it is evident that the virus remained active for lon^ periods in 
dry material and that the nature of the medium from which the 
virus was taken influenced longevity. 

T.xbi.k 7 - -Effect of ilesiccattoH on longeiulif of the curly top virus 
120 i»lanl.s were inoculated in each test] 


Plants infected by virus dried for indicated number of months 


Dried material o.s ^ irus source 


Kxudate from cut surface of beet. 

Natural exudate_ 

AkHiholic precipitate of exudate. 

Jteet tops (h ashe<I free of exudate) .. . 
Jieet tops (not washed free of exudate) 

Alcoholic precipitate of leaf juice. 

Aleotiolic precipitate of root juice. 

Beet leaf hopiiers. 


(Micck 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Xo 

No 

1 Xo. i 

Xo. i 

Xo. 

No. 

A^. 

Xo. 

i 

No. 

No 

No. 

15 

7 

16 

9 

9 

13 

4 

0 

0 

2 

2 

10 

H 


11 

5 

3 

3 

1 

7 

7 

10 

8 

7 

6 

4 

7 

3 

0 

0 

0 

0 

0 

13 

9 

6 

.3 

1 

0 

0 

0 

0 

0 

0 

ir» 

9 

6 

2 

2 

0 

0 

0 

0 

0 

0 

() 

a 

2 

0 

0 

0 

0 





9 

2 

1 

u 

0 

1 b 

0 





7 

3 

7 

4 

1 4 

2 

2 


.' 




There was little measurable decrease in quantity of active virus 
in natural phloem exudate in a period of 10 months, and a certain 
amount of active virus was still present in exudate from the cut 
surface of diseased beets after 10 months. The virus remained 
active for much shorter ])eriods in all materials in wliich parenchyma 
tissue or products of parenchyma tissue occurred. Since all of the 
material used in these experiments was kept in the open at room 
temperature, the actual moisture content varied with that of the 
surrounding air. It is probable that the moisture content was 
sufficient to permit the action of any deleterious substances contained 
in the samples. The period of activity of the virus in preparations 
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containing parenchyma or products of parenchyma may have been 
influenced by the action of substances deleterious to the virus and 
contained in the parenchyma. It is significant in this connection 
that natural exudate, the material in which the virus retained its 
greatest activity, had least contact with parenchyma, since it prob¬ 
ably escaped directly from the phloem and passed to the surface 
through the intercellular spaces. 

EFFECT OF TEMPERATURE 

LOW TEMPERATURE 

Tests of the time the curly top virus will withstand teinperatures 
below freezing have been made with the virus contained in phloem 
exudate as it is derived from diseased beets and also with exudate 
diluted 1 part exudate to 4 parts 5-i>erceiit sugar solution. Small 
glass tubes were filled with these materials, sealed at both ends, and 
placed in a refrigerator held at approximately —6° C. The tubes were 
removed and their contents tested at monthly inteiwals, in the usual 
way, by means of nonviruliferous beet leaf hoppers. The results of 
these tests (table 8) indicate that the virus retains its activity for at 
least as long as 18 months. 

Table 8. —Effect of prolonged periods of freezing on virus (tcUvity 


[20 plants were inoculated in each test] 



During the course of other experiments it was repeatedly found 
that the virus retained its activity for prolonged periods in a variety 
of frozen materials contained in test tubes, 25-cc flasks, and open 
beakers. No difficulty has been experienced in obtaining a(!tive 
virus from materials such as exudate, water wash of alcoliolic pre¬ 
cipitate of exudate, or water wash of alcohohe precipitate of beet 
juice, after a storage period of several months. Advantage has been 
taken of this fact to collect relatively large quantities of vinis-con- 
taining substances for subsequent experimental work. These stored 
materials have afforded a more uniform source of virus for repetition 
of experimental work and comparison of results than otherwise 
would have been available. 

ALTERNATE FREEZING AND THAWING 

Attempts were made to determine tlie effect of alternate freezing 
and thawing on the virus contained in phloem exudate and also on 
the yiins contained in the water wash of the alcoholic precipitate of 
leaf juice. These materials were placed in small test tubes in 1-cc 
quantities. The tubes were placed in the freezing compartment of 
a refrigerator held at approximately — 6° C. The tubes were removed 
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daily and the contents thawed at room temperature and returned to 
the refrigerator. Tubes wliich served as checks were kept frozen 
continuously until tested. Tests of virus content were made at 
weekly intervals. When the experiment was terminated at the 
end of 3 weeks, there was no measurable decrease in virus concen¬ 
tration in either type of material and apparently the quantity of 
active virus is not measurably diminished by such a treatment. 

HIGH TEMPERATURES 

In order to determine temperatures at which the virus would remain 
active, tests were made with phloem exudate diluted 1 part exudate 
to 4 parts 5-percent sugar solution. Thin-walled glass tubes with a 
inaxiinum diameter of about 2 mm were filled with this diluted exudate 
and sealed at both ends. The tube's were subjected to the desired 
temperature ( ±0.5° C\) in a water bath for 10 minutes. After treat¬ 
ment, the tubes were removed and the contents were made available to 
nonviruliferous leaf liojipers which were later caged singly on seedling 
beets. 

Table 9 shows the results of five series of tests. Under the condi¬ 
tions of these tests the thermal inactivation point of the curly top 
virus lies between 75° and 80° C. Peiiia])s the most interesting 
feature of these results is the rather small variation in temperature 
at which inactivation occurred in the different lots of exudate. In 
the four tests in which 1° temperature interv^als were used, inactiva¬ 
tion occurred at 80°, 79°, 76°, and 78°, respectively. 

Tests similar to tliosc just describeii were made in which the time 
of exposure to high temperatures was imu'eased to 1 hour. In these 
tests leaf hoppers obtained virus from material subjected to 60°, 65°, 
and 70° (\ but not from that subjected to 75° and 80°. 


TahIvK U. Kjjecl on the .sugar heel curly top viru.'i of JO tumutes^ exposure to carious 

leni peratuics 

12() plants were inoculated from exudate treated at each temperature in each test] 



In the thermal-inactivation-point tests just described it was ob¬ 
served that the plants infected by virus treated for 10 minutes at 76° 
to 79° C. grew well and produced relatively mild symptoms of disease. 
The leaves showed a medium amount of curling and the petioles were 
only slightly or not at all shortened. In contrast, the plants infected 
by the untTeated virus were severely affected and remained small. 
The leaves were badly curled, the petioles were short, and several of 
the plants died before the experiments were terminated. Representa¬ 
tive differences in growth are shown in figure 5. 










228 


Journal of Agricultural Research 


Vol. 60, no. 3 


On tliree series of plants inoculated with virus subjected to the 
differential temperatures, records of the incubation period of the 
disease, severity of symptoms, and dry weight of the plants after 6 
to 8 weeks were made. These data for one experiment are shown in 
table 10. The results are similar to results obtained in the other two 
experiments except that in one experiment the heat treatments did 
not so markedly influence the period of inc\d>ation of the disease. 
It will be noted that the incubation period of tlie disease and the dry 
weight of affected plants tended to increase and the severity of 
symptoms tended to decrease as the temperature to which the virus 
was subjected was increased. These results show that the virus was 
attenuated to a considerable degree by the heat treatments and that 
attenuation occurs after a very sliort period of exposure. 

In 2 of the 3 experiments virus was transferred to healtliy plants 
from the checks and from representative plants affected by virus from 



Figurk 6. —Effect of 10-minute heat treatment on curly top symptom'? pro luce 1 in hjat plants. The 
virus with which thasi* plants were luoculatol was treated for 10 minutes at the following temperatures: 
A, tJntretiled, B, 76° C.; C, 77°; I), 78°; K, 7il°. 


different heat treatments. In one test tlie passage of the virus was 
continued through four lots of healthy plants. Relative differences 
in severity of disease were maintained throughout these tests, indi¬ 
cating that the virus in its attenuated form was relatively stable. 

Table 10.— Attenuat'^on of the early-top virus hy hrat 


Temperature of 10-minuto treatment (° C.) 

Plants 

inoculated 

Plants 

infected 

Average 
incubation 1 
period 

Average 
severity» 

A verage 
weight of 
diseased 
plants 

(2). 

Number 

19 

20 
20 
20 
20 
20 
20 

Number 

16 

19 

U 

r.i 

11 

3 

0 

Dam 
10.2 
11.3 
12.6 
13 1 
IH. 0 
19, 3 

Grade 

4.4 

3 3 

1 8 

1 2 
1.8 
1.6 

OraniH 

0 26 
.47 
.71 
.67 
.79 
1.13 

75 .-.-.... ... 

76 .... . .... - 

77 .. . . 

78 _ _ _ _ . 

79 . . . _ 

80 . -.-. 






» Five grades of severity were used, plants m grade 1 being the least severely affected and those In grade 
6 being the most severely affected. 

* Virus untreated. 
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The rapidity with which attenuation was effected in the experiments 
just described is in striking contrast to results obtained in attenuation 
of other viruses at high temperatures. Johnson {11) reported atten¬ 
uation of tobacco mosaic virus in tobacco plants exposed to a tem¬ 
perature of 35° to 37° C. for 10 days. Cucumber mosaic virus in 
tobacco plants was attenuated after a 10-day exposure to 37°. The 
question arises as to whether the curly top virus might bo attenuated 
also at temperatures below 76° to 70° if the period of exposure were 
increased. 


EFFECT OF HYDROGEN-ION CONCENTRATION 

Tests were made to detonuine the elTect of hydrogen-ion concentra¬ 
tion on the virus contained in phloem exudate. Solutions buffered 
at approximately even pll units from 2.0 to 10.0, inclusive, were 
])repared according to the method of Clark (5'). Measured quan¬ 
tities of phloem exudate were added to the buffered solutions in the 
proportion of 1 part exudate to 4 parts buffer. The mixtures were 
thoroughly shaken and allow^ed to stand for 2 hours. At the expira¬ 
tion of this time a portion of the liquid from each mixture was removed 
for a hydrogen-ion determination and the remainder was placed on a 
membrane to be fed on by uonviruliferous beet leaf hoppers. The 
hydrogen-ion determinations of the mixtures of the virus with buflers 
ranging in reaction from pll 2.0 to 7.0 were made by means of the 
((uinh 3 ^(lron(' electrode. Determinations on solutions of higher pH 
value were made hy means of the glass electrode. The leaf hoppers 
w ere allow(Hl a feeding period of 4 hours. Thus the virus w^as sub- 
j(‘c(ed to the reaction of the medium for a minimum period of 2 hours 
and a maximum period of 6 hours, the actual time depending on the 
time during the feeding period at which it was taken up by the leaf 
hoppers. At tlu* end of th<‘ 4-hour feeding period the leaf ho])pers 
exposed to the 2 liquids of greatest acidity and those exposed to the 2 
li(|uids of greatest alkalinit.v were noticeably weaker than the indi¬ 
viduals of other lots. The results of three series of tests are showni 
summarized in experiment 1 of table 11. 

T.mu.io 11.— KiJvcl of (I ,^-honr irralmcnt of virus in buffer solutions of different 
hydro(jeti-ion conccnlrattons 


Experiment 1 • 


Keiu’tion of 

Plants 

bulTer solution 

infected 

(Pll) 


2 i . 

Xu inbfT 

0 

2.9. 

0 

4.0.. .. 

1 

5.0.. 

5 

5 9.- 

ft 

fi K. 

20 

7ft. 

2tt 

H. 4. 

31 

('heck a. 

21 


' (K) plants inoeuhited 
* 40 iihints inoculated. 


F\i)eriment 2 * 


Reaction of 

Plants 

bulTer solution 

infected 

(PU) 



Number 

•> 7 

0 

3 4. 

2 

4 4. ... 

21 

5,1. 

15 

ft 1. 

19 

7 0. 

21 

7. 4__ 

4 

8 4. 

14 

9 1 -.- 

9 

('heck. 

10 
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Additional tests made were similar to those of experiment 1 except 
that the exudate, after standing in contact with the buffer for 2 hours, 
was adjusted to a reaction of approximately pH 6.0 and precipitated 
with alcohol, and that a water suspension of the precipitates was 
prepared for the leaf hoppers. This provided for a definite exposure 
for 2 hours to the indicated pH and in each case supplied a uniform 
medium for the leaf hoppers, thus eliminating the unfavorable liquids 
of the more acid and the more alkaline treatments ol the fii’st tests. 
The results are shown in experiment 2 of table 11. 

The results of these two experiments show a certain amount of 
unexplained variation in the number of plants infected at the different 
hydrogen-ion treatments. They agree, however, in that no virus 
was obtained from liquids in which the virus had been subjected to a 
reaction of pH 2.9 or lower. Infection from inixtures in which the 
exudate with the respective bufiers was fed direct to the leaf hopper 
increased with tlie rise in alkalinity, despite the fact that the mixtures 
of higher pH values were obviously unfavorable as food for the leaf 
hopper. The reasons for the erratic results from the treatments at 
pll values of 7.4 and above in experiment 2 have not been determined 
definitely. As shown in tlu^ amount, of iidection at corrcs])onding pH 
values in the tests of experiment 1, the virus is not inactivated at these 
reactions. It seems probable that the explanation may be found in 
an incomplete precipitation of the virus or in a close union of virus 
with tlie precii)itate which prevented its l)cing acquired by the leaf 
hoppers in quantities representative of its real (‘oncentration. 

EFFECT OF CHEMICAL REAGENTS 

ACETONE AND AL(X)H()L 

Tests were made with acetone and ethyl alcohol to determine the 
effect of diflerent concentrations of these reagents on the virus. In 
these tests phloem exudate was made up to the desired concentration 
of reagent by the addition of acetone or absolute alcohol direct to 
the exudate. In the pure acetone and absolute alcohol treatments the 
exudate was dried before the reagent was added. The tubes contain¬ 
ing the exudate in various concentrations of acetone and alcohol were 
corked, shaken well, and set aside for a period of 2 hours. At the 
expiration of this time the contents of the tubes were poured into 
watch glasses and evaporated to dryness. The residues were taken 
up in a volume of 5-percent sugar solution equal to five times the origi¬ 
nal volume of exudate. Nonviruliferous leaf hoppers were given 
access to tliis material for a period of 4 to 5 hours and then caged 
singly on seedling beets. The infection obtained was taken as a 
measure of the virus content of the medium on which the leaf hop¬ 
pers fed. 

The results of these tests (table 12) indicate that the curly top vims 
has a very great degree of tolerance to high concentrations of both 
acetone and alcohol. Of all the treatments used, only absolute 
alcohol seemed to have any deleterious efl'ect on the virus. Even 
in absolute alcohol it was not completely inactivated by a 2-hour 
exposure. 
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Table 12. —Effect of a ^-hour treatment with different concentrations of alcohol and 
acetone on the virus in phloem exudate 

[20 plants were inoculated at each concentration in each test] 


Reagent 


Plants infected by virus treated with reagent of indicated concentration (percent by volume) 


and test 
no. 

Check 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Alcohol: 

Nil mher 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

1 

13 

13 

17 

10 

10 

13 

15 

10 

10 

15 

2 

2_ 

8 

12 

10 

13 

15 

14 

17 

17 

13 

17 

2 

3. 

Acetone* 

8 


0 

9 

5 

5 

13 

13 

11 

8 

4 

4. 

15 


10 

- 

20 


13 


16 


14 

5 

0 

- ■ ■ 

' 

' ' 


- 

— 

- - -- 

. 


7 


After it was found that the virus retained its activity after a 2-hour 
treatment with the various concentrations of acetone and alcohol used 
in the experiment just described, tests were made to determine how 
lon^ the virus would remain active in different concentrations of 
these two reagents. Measured quantities of exudate were placed in 
small test tubes. Sufficient acetone or alcohol was added to make 
con(!entrations of 25, 50, and 75 percent of these reagents in the result¬ 
ing mixtures. Tests of active virus content were made at intervals 
by taking measured quantities of material from the tubes holding the 
different concentrations, and evaporating to dryness. As in previous 
experiments, the residues were taken up m sugar solution and tests for 
virus activity were made with nonviruliferous leaf hoppers. 

A second test was made with beet juice in 25-, 50-, and 75-percent 
alcohol. The mixtures were kept in stoppered flasks at room tem¬ 
perature. In making the tests for virus, the contents of the flasks 
wt're shaken well, after whicli enough liquid was poured out to corre- 
s])ond to 1 cc of the juice. This was centrifugalizod and the super¬ 
natant liquid discarded. The precipitate was washed once with 
50-percent< alcohol, dried, mixed with 1 cc of 5-percent sugar solution, 
and centrifugalized, and the supernatant liquia was used for testing. 


Table 13.— Longevity of virus in phloem exudate and beet leaf juice in different 
concentrations of alcohol and acetone 

(20 plants woie inoculated in each test] 



(\)n- 
centra -1 

Plant*' Infected by virus treateii for indicated number of days 

Virus source and reagent 

tion of 
reagent 
in mix¬ 
ture 

0 

1 

3 

7 

14 

21 

28 

35 

56 


Per- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Phloem exudate: 

cent 

bet 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 


26 

10 

6 

8 

8 

7 

6 

0 

2 

0 

Alcohol. 

50 

6 

9 

8 

10 

7 

1 

5 

3 

3 


75 

5 

8 

8 

4 

9 

8 

4 

2 

1 


25 

12 

11 

9 

5 

5 

3 

0 

1 

0 

Acetone. 

50 

10 

6 

11 

0 

5 

6 

1 

0 

0 


76 

9 


5 

7 

0 

3 

0 

1 

2 

Reel leaf juice. 

1 25 

11 

8 


0 

0 

0 

0 

0 


Alcohol__ 

< 50 

13 

13 

9 

9 

2 

0 

0 

0 

0 



1 75 

2 

2 

1 

0 

0 

0 

0 


Beet leaf Juice. 


8 

6 

10 

0 

0 

0 

0 

0 
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The results of these tests are shown in table 13. The longevity of 
the virus was apparently not inllueneed by the concentration of alco¬ 
hol regardless of whether phloem exudate or beet juice was the original 
source of the virus. However, longevity of the virus was markedly 
influenced by the kind of plant material from wliich the virus was 
(]erived. Where pliloeni exudate served as the source of virus, active- 
virus was present after 5b days in two of the alcohol preparations. 
Where beet juice was present, the virus was inactiyated in 14 (jays, 
a period corresponding to the period of inactivation in beet juice 
without alcohol. This is further evidence indicating the presence of 
an inactivating substance in beet juice not present or present only in 
low concentrations in phloem exudate. wSeveral tests have indicated 
that when alcohol or acetone is added to phloem exudate from beet the 
virus remains active 2 to 4 weeks longer than in similar material to 
which nothing is added. This indicates not only that acetone and 
alcohol fail to exert any a])])reciable deleterious effect on the virus but 
that they may function to prote(‘t the virus somewhat from the full 
effects of factors which, in the absence of acetone or alcohol, normally 
cause fairly rapid inactivation. 

Tlie resistance of virus contained in i)liloem exudate to the lethal 
action of alcohol is aj)parently rather marked as (H)mi)ared to other 
plant viruses. Fajardo (0) found that the virus of bean mosaic loses 
its activity in 5()-percent alcohol in less than 5 minutes. Allard (p 
show^ed tliat the tobacco mosaic virus is inactivated very (piickly in 
concentrations of alcohol greater than 50 to 55 j)ercent and that it 
remains active for less than 30 minutes in a concentration of <S0-pez’cent 
alcohol. Allard also found that with tobacco mosaic virus ah'ohol 
was more destructive than acetone. 

GERMIOIOKS 

Such common germicides as biciiloride of mercury, coj)per sulphate, 
formaldehyde, and carbolic acid were used in a series of tests to deter¬ 
mine their efl’ects on the virus. Since the beet leaf hopper must be 
used to transfer the virus to the test plants, it w as necessary after 
treatment to separate the virus from tlie reagents before passing it 
through the leaf hoppers. It was found that with all of these reagents 
except formaldehyde this separation could be made by removing the 
virus in the precipitate formed upon the addition of alcohol. Meas¬ 
ured quantities of phloem exudate were placed in centrifuge tubes. 
An equal volume of reagent made up to twice the concentration de¬ 
sired in the final mixture was adde<l. The mixture was thoroughly 
agitated and allowed to stand at room temperature for 2 hours. At 
the end of this time, except in tests where formaldeliyde was used, 
95-percent alcohol was added to each tube in amount equal to the 
volume of liquid already in the tube. The tubes were shaken and 
allowed to stand until a precipitate was formed. This usually re¬ 
quired from 5 to 10 minutes. The precipitate was thrown down in a 
centrifuge and the supernatant liquid, containing most of the reagent, 
was discarded. The residue was washed once with 50-percent alcohol 
to remove additional quantities of reagent. It was then dried to 
remove the alcohol, after wdiich it w^as made up to five times the origi¬ 
nal volume of exudate with 5-percent sugar solution, and the tests 
were made for virus content as in previous experiments. In the 
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formaldehyde tests the exudate, after a 2-hour treatment with form¬ 
aldehyde, was ev^aporated to dryness at room temperature and then 
tak^n up in 5-percent sugar solution. 

'Fable 14 .—Effect of a S-hour treatment of virus in phloem exudate with different 
concentrations of germicides 


f20 pltint.s were innoiilated at each concentration in each test] 



Results summarized in table 14 show that the virus is quite resist¬ 
ant to the action of these germicides. Chopper sulphate was more 
eliective in inactivation than any of the other materials tested, no 
infection being obtained from exudate treated for 2 hours in a concen¬ 
tration of 1 :1()0. The leaf lioppers were able to pick up virus from 
exudate subjected to a 2-hour treatment with carbolic acid (1:25), 
bichloride of mercury (1:50), and formaldehyde (1:100), although 
infection was reduced at these concentrations. It is proliable that 
carbolic acid and bichloride of mercury at a concentration of 1:25 had 
even less effect on the virus than is indicated by the number of infected 
plants. From the 1:25 concentrations of both carbolic acid and 
bichloride of mercury it was found difficult to remove enough of the 
germicide to avoid an effect on the leaf hoppers. Feeding was poor 
and the leaf hoj)pers were weak when they were removed from the 
medium and placed on plants, consequently it is iinprobable that the 
insects were as effective in picking up and transmitting the virus as 
they would have been bad the medium on which they fed been more 
favorable. 

INACTIVATION OF VIRUS BY PLANT JUICES 

Seveiin and Freitag {13) showed that the expressed juice from 
Mammoth sweet corn mixed with juice from diseased beets inactivated 
the curly top virus in 2 hours. Results of tests described in this paper 
show that the virus in filtered beet juice and in beet juice to which 
alcohol was added was inactivated in 1 to 2 weeks, whereas, in filtered 
phloem exudate and in phloem exudate to wliich alcohol was added, 
the virus remained active 4 to 7 weeks. This evidence indicates that 
beet juice contains substances capable of inactivating the virus, 
though these inactivating substances are evidently not so effective in 
causing inactivation as those found in the juice of sweet com. 
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To test further the effect of plant juices in inactivation of the curly 
top virus a number of species of plants ranging in susceptibility to curly 
top from very susceptible to very resistant have been selected. These 
tests were made with juice from Australian saltbush {Atriplex semi-- 
haccata R. Br.), nettle-leafed goosefoot {Chenopodium murale L.), 
tree tobacco {Nicotiana glauca Graham), cultivated tobacco {N. 
tabacumh.)y yellow sorrel (Oxalis corniculatalj.)y tomato {Lycopersicon 
esculentum Mill.), alfileria {Erodium cicutarium (L.) L’Her.), chick- 
weed {Stellaria media (L.) Cyr.), and susceptible and resistant beets 
{Beta indgaris L.). Of these species Australian saltbush, nettle-loafed 
goosefoot, and tree tobacco are very resistant, and alfileria, chickweed, 
and the susceptible variety of beet are very susceptible. The other 
species are somewhat intermediate in susceptibility. 

In making the tests, j nice from the pi ants to be tested was mixed with 
juice from diseased beets in the proportion of 4 parts test juice to 1 
part juice from diseased beets. The mixtures were placed in stoppered 
flasks and allowed to stand at room temperature. At intervals, 5 cc 
of each mixture was removed, added to 5 cc of 9r)-percent alcohol, and 
centrifugalized, and the supernatant li(|uid was discarded. The 
precipitate was washed once with 50-percent alcohol, dried, mixed with 
1 cc of 5-percent sugar solution, and centrifugalized, and the su])er- 
natant liquid was used for testing for virus. 


Table 15 .—hiaclivation of the curly top nrus by juices from dijjcrcnf species of 
plants susceptible to curly top 


Source of juice 

Plants in¬ 
oculated 

Plants infected by mixture of indicated ace 

Check 1 

2 hours 

1 day 

3 days 

7 days 

14 days 


Number 

Number 

Numbtr 

Number 

Number 

N^umber 

Number 

Atriplex semibaccuta _... 

6(1 

5 

b 

1 

0 

0 

0 

Chenopodium muraU _ - 

60 

13 

13 

26 

23 

13 

1 

NicMiana gla uca .-. .., 

40 

21 

17 

16 

14 

5 

0 

Nicottana tabacum. - - - 

60 

37 

31 

24 

10 

3 

1 

Oxalts corniculata (pJI 2 3 2 5).. 

60 

6 

0 

0 

0 

0 

0 

Oxalis corniculata (pil (i M 7 2) 

60 

13 

2 

6 

0 

0 

0 

Lycopersicon esculent uni. 

60 

20 

8 

6 

7 

1 

0 

Erodium cicutarium.- . _ 

(K) 

17 

5 

13 

4 

0 

0 

Stellaria media _ 

60 

» 

12 

21 

4 

0 

0 

Beta vulgaris (resistant) 

60 

21 

23 

20 

26 

13 

1 

Beta vulgaris (susceptible)_ 

100 

32 

30 

43 

48 

22 

1 


1 Precipitation was made immediately after the juice from the tevSt plant was mixed with juice from 
diseased beets. 


The results of this series of tests are shown in table 15. Of the 
three most resistant plants the juice from Australian saltbush quickly 
inactivated the virus, whereas juice from nettle-leafed goosefoot and 
tree tobacco in general had no more effect than juice from beet. Of the 
three species probablv most susceptible, the juice from alfileria and 
chickweed inactivated the virus in 7 days and juice from beet did not 
inactivate the virus in 14 days. These results are more striking in 
view of the fact that tree tobacco is a symptomless virus carrier {2), 
nettle-leafed goosefoot attenuates the virus {3)y and chickweed restores 
attenuated virus to its maximum virulence {12). 

Juice from yellow sorrel was the most effective of the juices in produc¬ 
ing inactivation. Results in table 15 show that no virus was obtained 
from juice of this plant after 2 hours, and results of other tests not 
shown in table 15 indicate that the virus was inactivated in 30 minutes. 
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Juice from tomato and alfileria produced more rapid inactivation than 
juice from beet. Apparently juice from resistant beets is no more 
effective in producing inactivation than that from susceptible beets. 
It is obvious from these results that expressed juice from different 
species of plants varies greatly in its ability to inactivate the virus and 
that this variation is not correlated with resistance. 

The question naturally arises as to how much of this apparent 
inactivation is due to an irreversible change in the virus itself and how 
much is due to an adsorption of virus by^ colloidal particles in such a 
way as to prevent its acquisition by leaf hoppers. It seems probable 
that juices from different species of plants vary in respect to the readi¬ 
ness with which virus is released from their alcoholic precipitates. For 
example, as compared with the addition of juice from healthy beets to 
the original virus-carrying medium, the addition of juice from tobacco 
increased and the addition of juice from chickweed and alfileria de¬ 
creased the amount of virus recovered from the alcoholic precipitates. 
Since this result was evident in the short-time exposures and since the 
virus remained active in these mixtures for 3 or more days, it seems 
pn)bablc that much of the variation in infection from preparations 
made during the first 2 hours of aging of the juices may be the result 
of variations in completeness of release of the virus from colloidal 
material into a supernatant liquid. However, the rapid inactivation 
by juice from yellow sorrel and the more gradual loss of virus in other 
juices indicates that there are factors present that are capable of 
causing complete and permanent inactivation. 

The source of the inactivating materials present in plant juice has 
not been determined definitely. Severin and Freitag {13) found that 
virus apparently remained active for a longer time in beet juice from 
which air was partially excluded than in juice exposed to the air, 
the implication being that virus is inactivated by products of oxida¬ 
tion in expressed juice. However, the rapid inactivation by certain 
plant juices indicates that there are substances other than products 
of oxidation that are destructive to the virus. Also the evidence {2) 
indicating the occurrence of little or no virus in parenchyma tissues 
j)oints to the occurrence of substances in parenchymatous cells that 
either inactivate the virus or prevent its multiplication. It seems 
probable that at least a large share of the inactivating substances 
present in plant juices are derived from Ihdng parenchyma cells. 

If the inactivating substances are derived from parenchyma, the 
lack of correlation between the apparent concentration of inactivat¬ 
ing substances in expressed juice and resistance does not necessarily 
eliminate the inactivating substances as factors in resistance. Since 
the virus is concentrated in the phloem, it is probably not greatly 
influenced by inactivating materials that occur only in the pa¬ 
renchyma. However, if inactivating substances pass from the pa¬ 
renchyma into the phloem their effect on the virus and perhaps their 
importance in resistance may depend on the concentration reached in 
the pliloem. Under such conditions the permeability of the cells sur¬ 
rounding the phloem to inactivating substances might be more impor¬ 
tant in determining resistance than the total concentration of inacti¬ 
vating materials in the plant. 

The chemical nature of substances in plant juices responsible for 
virus inactivation, especially those present in the juice of yellow sorrel 
and Australian sdtbush, offer an interesting field for investigation. 
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At present very little is known about the character of these sub¬ 
stances and any statements that are made on this subject must 
necessarily fall more or less in the realm of speculation. However, 
since the virus is quickly inactivated at a reaction of pH 2.9 and lower 
and is apparently somewhat sensitive to acid reactions, it is sug¬ 
gested that aciditjr of the expressed juice may have an inactivating 
influence in some instances. This would apply especially to yellow 
sorrel, since the reaction of expre.ssed juice from this plant ranges 
between pH 2.0 and 2.3 and when mixed with beet juice in the })ro- 
portionof 4 parts yellow sorrel juice to 1 part beet juice, the reaction 
of the mixture ranges between pH 2.3 and 2.5. ilowever, when this 
juice was adjusted to a reaction of pH 0.8 to 7.0 it was still capable 
of inactivating the virus, though inactivation was much less ra]^id 
than when the reaction was not adjusted. It seems probable that 
expressed yellow sorrel juice contains two factors, each capable of in¬ 
activating the virus; the more effective of these factors is acidity 
and the less effective is the inactivating substances remaining when 
acids are neutralized. 

Substances not acid in character arc probably responsible for inacti¬ 
vation in juices from the remainder of the plants tested. With the 
exception of juice from alfileria, which has a reaction of pH 5.2 to 
5.6, the juices from these plants have about the same degree of acid¬ 
ity as beet juice, ranging from pH 5.8 to 6.8. It does not seem prob¬ 
able that this range of acidity could account for the wide range in 
ability to inactivate the virus, especially since there is no correla¬ 
tion between acidity and rate of inactivation. 

DISCUSSION 

The physical and chemical properties of the curly top virus, so far 
as they have been determined, are siiiiilar in many respects to the 
properties that are considered typical of plant viruses as a group. 
However, the curly top virus has certain characteristics that are spe¬ 
cific. Among the characteristics that serve to distinguish it from 
other viruses may be mentioned an extreme resistance to the dele¬ 
terious action of alcohol and acetone and an activity in a range of 
hydrogen-ion concentrations that extends far toward the alkaline side 
of the scale. 

The available information affords no definite clue as to the reason 
for prolonged periods of activity of the curly top virus in alcohol 
and acetone. The elucidation of this problem must aw^ait a more 
complete understanding of the influence on the virus of certain chem¬ 
ical and environmental factors. However, certain evidence is avail¬ 
able that may have a bearing on the reaction of the virus to hydro- 
gen-ion concentration. As compared with other viruses that have 
been studied in this connection, a greater sensitivity to acid reac¬ 
tions and a greater tolerance to alkaline reactions might be expected 
on the basis of the relation of the virus to the plant and to the insect 
vector. 

In the beet plant the virus is rather definitely known to be located 
in the phloem. The tissues or fluids associated with the retention 
of the virus by the beet loaf hopper have not been determined com¬ 
pletely but it is quite evident that the virus passes from the leaf 
hopper to the plant through the medium of the saliva. Evidence 
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not yet published indicates that the virus is present also in the body 
fluia. In view of this evidence and of the fact that Storey {15) has 
shown that the virus of maize streak occurs and multiplies in the 
body fluid of its leaf hopper vector, Balclutha mbila Naude, it seems 
probable that the body fluid may be the chief reservoir of the curly 
to{) virus in the beet leaf hopper. 

The hydrogen-ion concentration of the various tissues and fluids of 
the plant and insect vector in which virus occurs has been determined 
within certain limits. Natural exudate on beet petioles and small 
drops of exudate that appear immediately above the ends of the 
veins on the cut surface of beet roots are alkaline in reaction. Physi¬ 
ologists have shown for a number of plants that the phloem content 
is alkaline, and it is safe to assume that the reaction of the phloem 
content of beet is well above pH 7.0. Fife (10) has shown that the 
salivary secretions in the beet leaf hopper are distinctly alkaline. 
Determinations * made on the body fluid have given values ranging 
from pH 7.0 to 7.0. Thus, with the possible exception of a period 
in the alimentary tract of the insect following ingestion of plant sub¬ 
stance taken uj) in feeding, the virus normally exists in a medium 
alkaline in reaction. The virus api)arently has a greater tolerance to 
alkaline compounds than that possessed by viruses that occur nat¬ 
urally and increase in the acid cell sap of parenchymatous tissue. 

Ckutain resiilts of the studies on properties may be interpreted as 
having a bearing on the relation of the virus to the sugar beet plant. 
For example, the results of the studies on dilution clearly indicate 
that less vii'us is available frojii expressed beet juice than is available 
from phloem exudate. This is showm both by the number of plants 
infected and by the maximum dilutions from which virus was obtained. 
Th(\se results j)robably reflect a difference in initial concentration of 
\irus in the two types of material. C\)nsidering the experiments in 
which only one leaf liop]>er was used on each test plant, the maxiinujn 
dilutions from wliich virus was obtained were 1:1,000 for pliloeni 
exudate and 1:300 for expressed beet juice. Thus it might be 
reasoned that the concentration of virus in phloem exudate is more 
than three times that in beet juice. On the basis of infection obtained 
from the different dilutions of materia] tested, assuming that 0.1 gof 
leaf ho])pers is equal in volume to O.l cc, the vii*us content of the beet 
leaf hojiper is slightly less than that of phloem exudate but con¬ 
siderably greater tlian that of beet juice. The results with different 
dilutions of phloem exudate and beet juice constitute additional 
evidence to support the concej)t that virus in the beet plant is con¬ 
centrated in the phloem. The virus found in expressed juice may be 
derived from material that has passed from the phloem into the 
intercellular si)aces of surrounding tissues or from phloem content 
that escapes and becomes mixed with sap from other tissues during 
the process of extraction. 

Since so little is known regarding the factors responsible for the 
close association of the curly top virus with the pldoem, and its 
partial or practically complete restriction to this tissue, certain of the 
results of these studies are of interest as having a bearing on this 
subject. In any limitation of virus to phloem there are two possibili¬ 
ties that must be considered: (1) Tissues that surround the pliloem 

< These determinatioas were made in collaboration with J. M. Fife, biochemist. Division of Sugar Plant 
Investigations, Bureau of Plant Industry. Details of this work have not been published. 
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may tend to prevent passage of virus into or out of the phloem, and 
(2) virus that gains entrance to parenchymatous tissues may remain 
active but fail to multiply or it may be inactivated. The permeability 
factor may be important in limiting the quantity of virus that gains 
entrance to parenchyma, but this factor alone can hardly account for 
the virus distribution and concentration that has been shown to occur 
in different tissues of the plant. Virus probably gains entrance to 
parenchyma in several ways. It is ])ossible that it passes directly 
from the phloem into the surrounding parenchyma cells, and it is 
undoubtedly introduced into parenchyma cells by artificial inoculation 
and by leaf hopper feeding. However, there is no evidence that 
increase of the virus in parenchyma follows its introduction by any 
of these methods. In view of these facts it is logical to conclude that 
parenchyma tissue is unfavorable for virus multiplication and that 
certain constituents of parenchyma cells may be capable of inactivating 
the virus. 

Results of experiments with expressed plant juices show that sub¬ 
stances capable of causing rapid inactivation occur in the juice of 
yellow sorrel and that substances capable of causing less ra})id inactiva- 
tioxi occur in the juice of beet and several other plants. Jf these 
inactivating substances occur also in the sap of living cells, as seems 
probable, they may be the factors chiefly responsible for the partial 
or practically complete restriction of the virus to the phloem. If 
their behavior in the living cell is comparable to their behavior in 
exj)ressed juice, their effectiveness would vary with the species of 
plant involved. Practically complete restriction of virus to the 
pliloem might be expected in yellow sorrel and Australian saltbush, and 
less complete restriction might be expected in such plants as beet and 
tobacco. 

SUMMARY AND CONCLUSIONS 

Because of the difliculty of obtaining infection by artificial inocula¬ 
tion and the necessity of using the beet leaf hopper for determining 
the presence of virus in any particular medium, property studies of 
the curly top virus have re((uired the development of a technic for 
utilizing the vector for transmission experiments, which has not been 
necessary in similar studies with viruses that more readily produce 
infection after artificial inoculation. The first material from which 
artificially fed leaf hoppers were induced to acquire virus was beet 
juice. However, this proved to be either toxic or unacceptable to the 
beet leaf hopper and is not a very satisfactory material for use in 
property studies. Two types of material that have a relatively higli 
virus content and are more acceptable to the beet leaf hopper have 
been found. Of these two materials the more satisfactory is the 
phloem content of diseased beet plants. This can be obtained*in small 
quantities as natural exudate from the beet petioles and leaves and 
in larger quantities from the cut surface of diseased beet roots. The 
second type of material was prepared by separating the virus in beet 
juice from the materials toxic or unacceptable to the beet leaf hopper. 
In effecting this separation the precipitate produced upon the addition 
of alcohol is thrown down by centrifugalization, washed once with 
50-percent alcohol, dried, made up to the original volume of juice 
with 5-percent sugar solution, and centrifugalized. The supernatant 
liquid of the second centrifugalization contains considerable virus 
and is a favorable food for the beet leaf hopper. 
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This method of preparing a virus-containing medium can be used 
with phloem exudate, suspensions of crushed beet leaf hopi)ers, or 
other materials containing proteins. Acetone may be used instead 
of alcohol without appreciably influencing the result. The method is 
valuable in separating virus from materials that are toxic or unaccept¬ 
able to the beet leaf hopper, especially in experiments involving the 
treatment of the virus with various chemical compounds. 

The removal of the virus from beet juice and phloem exudate by 
the precipitate formed upon the addition of alcohol is practically 
complete. The release of the virus from the precipitate upon the 
addition of 5-percent sugar solution is only partial, since considerable 
virus was obtained from each of several successive w^ashings of pre¬ 
cipitate from phloem exudate and from three successive washings of 
precipitate from beet jidce. 

When the materials just described were used as sources of virus it 
was found that virus concentration in phloem exudate was consid¬ 
erably greater than that in beet juice and somewhat greater than that 
in the beet leaf hopper. The dilution of phloem exudate from which 
virus w as recovered apparently depended somewdiat on the number of 
artificially fed leaf hoppers used to inoculate each seedling beet. 
Virus w^as recovered from dilutions of 1 : 1,000 in experiments in which 
1 artificially fed leaf hopper was placed on each plant and from dilu¬ 
tions of 1 : 20,000 in experiments in w hich 10 leaf hoppers w^ere placed 
on each plant. 

The common filters, such as the Berkefeld V, N, and W and the 
Mandler medium and fine grades, do not remove the virus from 
phloem exudate, w^ater suspension of alcoholic precipitate of leaf or 
root juice, or from beet leaf juice. With the exception of leaf juice, 
the recoverable virus in the liquids after passing through these filters 
was about as groat as in the unfiltered original liquid. 

The resistance of the virus to aging in a liquid medium depends 
considerably on the medium in w hich the virus is preserved and perhaps 
somewhat on the presence or absence of micro-organisms. In filtered 
and unfiltered beet leaf juice virus was recovered after 7 days. It was 
recovered from unfiltered water wash of alcoholic precipitate of leaf 
juice after 14 days and from filtered water wash of alcoholic precipitate 
of leaf juice after 28 days. 

The resistance of the virus to desiccation also depends somewhat 
on the medium in which it is kept. Virus remained active 10 months 
in dried phloem exudate, 5 months in alcoholic precipitate of phloem 
exudate, 4 months in dried beet tissue, 2 months in alcoholic precipi¬ 
tate of beet leaf juice and beet root juice, and 6 months in dried beet 
leaf hoppers. 

Phloem exudate subjected to a temperature below^ freezing for a 
period of 18 months showed no great loss in virus content. Daily 
alternate freezing and thawing for a period of 3 w eeks did not appre¬ 
ciably lessen the virus content of diluted phloem exudate or that of 
the water wash of the alcoholic precipitate of leaf juice. The thermal 
inactivation point of the virus lies between 75° and 80° C. A 10- 
ininute exposure to a temperature of 76° to 79° attenuated the virus. 

No virus was recovered from liquids having a pH value of 2.9 or 
lower. Alkaline reaction of the medium at least as high as pH 9.1 
did not inactivate the virus in 2 hours and, in most instances, the 
alkaline reactions probably had little or no deleterious influence. 
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Evidence is presented indicating that the virus normally occurs in an 
alkaline medium in both the plant and insect vector. This may 
account in part for the resistance of the virus to inactivation by 
alkaline compounds. 

A 2-hour treatment with 90-percent alcohol and with lower con¬ 
centrations had no appreciable eiTect on the virus. Absolute alcohol 
reduced but did not destroy activity in a 2-hour period. A 2-hour 
treatment with acetone had no apparent eflect at any concentration. 
Virus was active after 56 days in 50- and 75-perccnt alcohol and in 
75-percent acetone, although activity had been considerably decreased. 
The virus also exhibits considerable resistance to the lethal action of 
a number of common disinfectants, active virus being recovered from 
copper sulphate (1:200), bichloride of mercury (1:50), formaldehyde 
(1:100), and carbolic acid (1:25). 

The expressed juice from beet and a number of other species of plants 
is able to cause inactivation of the curly top virus in periods ranging 
from 80 minutes to more than 14 days, depending on the species of 
plant from which the juice is derived. The time required for inactiva¬ 
tion by juice from different species of plants apparently is not corre¬ 
lated with the degree of resistance of the species. Since the curly toj) 
virus is believed to be more or less closely restricted to the phloem, it 
is suggested that if the inactivating substances in expressed juice are 
derived directly from the plant, as seems probable, they occur in the 
parenchymatous tissues. If they have any effect in producing resist¬ 
ance this effect is probably governed by the degree to whicli they are 
able to diffuse into the phloem. Inactivating substances of the 
parenchyma may function in limiting virus to the pholem tissue. 
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PRODUCTIVITY OF THE CAMPHOR SCALE AND THE 
BIOLOGY OF ITS EGG AND CRAWLER STAGES ‘ 


By C. I. Bliss, formerly entomologist, A. W. Cressman, associate entomologist, 
and B. M. Broadbent, assistant entomologist. Division of Fruit Insects, Bureau 
of Entomology and Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 

The eggs of the camphor scale {Pseudaoiiidia duplex Ckll.) are 
laid beneath the scale covering of the mother, and there they complete 
their development. Upon hatching they are known as ^‘crawlers.'' 
After an indeterminate time the (Tawlers emerge and crawl about 
over the host plant until they settle and begin feeding. The present 
studies are concerned with tliis critical phase of the life liistory, 
during which the maximum abundance and distribution of the 
succeeding generation are determined. The later development of the 
s(*-ale is discussed in anotlier paper.- 

PRODUCTIVITY 

DETERMINED FROM EMERGENCE IN THE LABORATORY 

The productivity of the camphor scale cannot be studied directly 
without remoWng the scale covering that conceals the eggs, but that 
of undisturbed females can be estimated indirectly. Small potted 
camphor-trees and Satsuma orange trees on which there were one or 
more mature females were examined periodically, and all crawlers 
and newly settled young were recorded and removed. In some cases 
the observations were as frequent as every 3 hours during the day, in 
others at intervals of 2 or 3 days; hence these records exclude a 
variable number of crawlers that emerged and died between observa¬ 
tions. Furthermore, the natural variability in productivity may have 
been augmented by differences in the potted plants and in their posi¬ 
tion in the insectary. For these reasons the plants on wdiich there 
w ere more than an average number of offspring per female may some¬ 
times be the best index to productivity in the field. 

Table 1 shows the productivity of 24 secoiid-l)rood females on 1- 
and 2-year-old camphor-tree seedlings. Six plants w^ere examined at 
intervals of 1 or, less often, 2 days, beginning August 7 or 8, 1930. 
These dates did not net'.essarily represent the beginning of production 
for all the females on the plant, as there may have been a difference 
of several days in this regard. With one practically infertile exception 
(no. 31), there was a marked falling off in the daily production per 
female in the successive 10-day periods, and 50 percent of the progeny 
emerged in the first 6 to 13 days. At this season of the year the mean 
temperatures are nearly maximal. The average number of offspring 
per female was 110. 

» Received tor publication Nov 5, 1934, issued April 1935. These studies cover one phase of the 
investigations at the kit^ratory formerly maintamed by the Division of Fruit Insects of the Bureau of 
Entomology at New Orleans, La. Prior to 1920 the exi>erinienls were conducted by T. F. Catchlngs, and 
U. K. Plant was in charge of the laboratory. ^ ^ 

* Cressman, A. W., and Buss, C. I., with the assistance of Kessris , L T , and Dumestre, J. O. 

BIOLOGY OP THE CAMPHOR SCALE ANI> A METHOD FOR PREDICTING THE TIME OF APPEARANCE OF STAGES 
IN THE FIE! D. Jour. Agr. Research 267-283, illus. 1935. 
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Table 1. —Productivity of undisturbed second-brood females of Pseudaonidia duplex 
on 1- and 2-year old camphor-tree seedlings^ in the insectaryy 1930 
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In 1923, 13 first-brood females on 5 camphor-tree seedlingrs pro¬ 
duced on an average 125 offspring per female and from 81 to 185 
per plant. Productivity on Satsuma orange in 1924 compared favor¬ 
ably with that on camphor-trees, as is shown in table 2. In this case 
the newly emerged and settled young were removed daily or oftener. 


Table 2. —Productivity of undisturbed Pseudaonidia duplex females on Satsuma 
orange, budded stock in insectary, as determined by counts of progeny, 1924 
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The possible multiplication during two generations in a single season 
was determined by counting the number of scales removed from eacli 
of three potted camphor-trees. By June 25, 1924, 83 scales had 
developed to maturity on these plants and, judged from other experi¬ 
ments on the same brood, about two-tliirds of them may have pro¬ 
duced offspring. As leaves dropped off from time to time, their scale 
populations were counted, and 8 months later, February 23-25, 1925, 
the number remaining on each plant was recorded. These 83 females 
accounted for 34,404 scales, or 415 per female. Because premature 
dropping of leaves through tlie season reduced the number of females 
that might normally have reproduced, this number represents a 
minimum rather than a typical case. 





















Feb. 1,1935 


Productivity of the Camphor Scale 


245 


The potential progeny in an entire season in the absence of crowd¬ 
ing, such as occurred in the preceding experiment, and without 
attack by parasites or predators, has been estimated from insectary 
experiments on /),077 scales in 1930, covering the difl’erent parts of 
the life cycle. It was assumed that an average of 100 of the progeny 
of each female would settle successfully, and one-half of them would be 
females. Of these 50 femjiles, 10.7, or 33.4 percent, would complete 
development and reproduce. If the same reproductive rate con¬ 
tinued through all three generations, from 1 fertile overwintering 
female there would be 4,057 reproducing females the following year. 

DETERMINED FROM EGGS FOUND BENEATH FIELD-COLLECTED ADULTS 

Periodic counts of eggs from field-collected adults indicated that 
th<‘ beginning of oviposition antedated the first appearance of crawlers 
by from 1 to 5 weeks, depending primarily upon the time of the year 
and the brood. In 1920 weekly counts were made of the scale popu¬ 
lations on camphor-tree twigs collected in Audubon I^irk, New" Orleans. 
A few- females laid <\ggs during the winter, but spring oviposition did 
not start until Februaiy 9, when 0 percent of the surviving females 
W'(Me found to be producing. Kggs had hatched beneath 5 percent 
of the producing females on March Ki, 5 weeks later, but hatching was 
not general until March 30, w hen there were crawlers under 24 percent 
of the ovi])ositing females. Practically none of the young settled 
until April fi, S weeks after spring oviposition had started. 

The long embryonic ])eriod favored the accumulation of eggs under 
the scale (‘overing. From groups of individuals estimated to have 
started production at the same time the number of eggs increased 
from an average of 4.3 per female on February 9 to 64.5 (11 females, 
range 5S to 74) on March 23 and 81.5 (5 females, range 74 to 88) on 
M arch 30. Crawlers tended to remain under the parent scale covering 
for some time after hatching; under one scale there were 32 of them in 
addition to 48 eggs on April 6. The percentage of dead adults varied 
but little until May 11, when there was a marked increase. If these 
are assumed to be the iirst individuals of the oveiwintered females to 
oviposit, they laid eggs over a period of about 13 weeks, although no 
crawders a])peared during the fii*st 8 wrecks. 

The oviposition and incubation periods during the summer were 
much shorter. Egg deposition by adults of the first generation in 
1920 had started by June 15 in 9 percent of the females, wdth an aver¬ 
age of 10 eggs eacii. A week later more than 60 percent had repro¬ 
duced, females of comparable age show ing an average of 30 eggs apiece 
and a few newly hatched crawlers. Many eggs had hatched, and the 
crawlers had emerged and settled by June 29, 2 w eeks or less from the 
beginning of production as compared with 8 w-eeks in the spring. The 
number of eggs under each female never equaled the number found 
under the overwintered females, indicating that the higher summer 
temperature increased the rate of embryomc development more than 
the rate of oviposition. The first adult females of the first generation 
died July 20, 5 weeks after the first eggs appeared. 

In 1926 both newly hatched crawlers and newly settled first-instar 
nymphs were found on August 17, 1 week after the first eggs were laid 
by second-brood females. The maximum niunber of eggs recorded 
from a single female was 63 as compared wdth 62 for the first-brood 
females and 88 for the overwintered females. The increased mortality 
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on September 21 showed the average reproductive period for the first 
individuals of the second brood to be about 6 weeks. 

The span of productivity of females in the field was somewhat less 
than that of undisturbed females infesting potted camphor-trees 
(table 2). The longer interval in the insectary can probably be at¬ 
tributed to overlapping periods of maturity in the various females on 
each plant. 

DETERMINED FROM OVIPOSITION IN THE LABORATORY 

Productivity can be studied at closer range than by either of the 
two foregoing methods. When the scale coverings were removed 
with sufficient care from field-collected adults, it was possible to 
observe oviposition directly. For this purpose short sections of 
camphor-tree twigs bearing females were placed in Petri dishes, in the 
tops and bottoms of which blotting paper had been fitted, with the 
ends of the twigs embedded in moist sand at one edge of the dish. In 
this way conditions of humidity and darkness similar to those beneath 
the female covering were obtained, and the twdgs remained green over 
most of the oviposition period. Freshly extruded eggs usually ad¬ 
hered to the posterior tip of the exposed female and were removed with 
a fine moistened brush at intervals of from 4 to 24 hours. The eggs 
removed from each female at each examination were kept separately 
in order that the time of hatcliing might be determined. 

Effe(:t of Tempehatuhe on Productivity 

Temperature influenced the rate of oviposition more than any other 
factor. At constant temperatures egg laying mis distributed equally 
throughout the 24 hours. ITnder fluctuating outdoor temperatures, 
however, fewer eggs were laid at night than during the day, especially 
in the spring, and in 2 out of 3 series of observations fluctuations fol¬ 
lowed changing temperatures rather closely. 

In 1929 the production of 31 first-brood females kept at a constant 
temperature of 28*^ C. and of 15 first-brood females kept at 20*^ C. was 
recorded for 16 successive 6-hour intervals. The females kept at 28^ 
laid on an average 2.42±0.04 eggs in 6 hours, and those kept at 20® 
laid on an average 1.18 ±0.04 eggs, ns indicated in figure 1. 

In 1926 second-brood females and in 1931 overwintered females 
were placed in Petri dishes in the thermograph shelter in the insectary, 
and records were kept of their production. After abnormal indi¬ 
viduals and those that died prematurely had been eliminated, the 
average production per female in 12 hours was plotted against the 
temperature (fig. 1). The records for the second-brood adults were 
based on 41 females initially, but after 5 days this number was 
reduced to 19. The eggs were removed every 4 hours, at 1, 5, and 9 
o'clock and for comparative purposes the record for each 4-hour inter¬ 
val was multiplied by 3. The records for the overwintered females 
were based on from 13 to 20 individuals and were taken at 9 a. m. and 
9 p. m. A rise in temperature increased the rate of egg deposition in a 
fairly consistent manner, especially between 14® and 29® C. By the 
method of partial averages straight lines have been fitted to the 
points between the parallel broken lines in figure 1. Below 14® there 
were many cases in which production was less than expected, and in 
five instances it stopped altogether. Temperatures above 29® also 
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retarded egg laying. This optimum temperature is considerably 
below temperatures frequently encountered in New Orleans. 

Females fr m the first brood of 1931 were exposed to the same 
range of temperature as those of the second brood of 1926, but, 
although the average rate of laying was nearly as high as in the 
earlier series, the variation from one examination to the next showed 
no correlation with temperature. 

Other Factors Affecting Productivity 


Other factors that might have affected the rate of oviposition were 
of minor importance in these experiments. The age of the females, 
as judged by the number of eggs and crawlers originally found under 



the scale covering, had no influence on the number of offspring pro¬ 
duced during the second and third days of the experiment, when 
production should have been nearly normal. The manipulation 
necessary to remove the eggs stimulated egg laying slightly. Females 
kept at a constant temperature of 28® C. in August 1929 and examined 
at intervals of 6, 12, and 24 hours laid on an average 10.2 ±0.2, 
9.8±0.4, and 9.0±0.03 eggs, respectively, per 24 hours. 

The age and size of the woody tissue on wliich the females had 
settled had a significant effect on production in the experiment started 
on August 24, 1926. Some of these females were on slender new 
growth, whereas others were on older twigs of twice the diameter. 
On August 27 no difference (0.04±0.11 egg) was found in the average 
productivity over 4-hour periods, but on the following 3 days those 
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females on the younger wood laid on an average 1.07±0.07 more 
eggs every 4 hours than did those on the older wood. 

Females from which the scale covering had been removed would 
not be expected to produce a full quota of eggs, if only because of the 
shortened span of i)roductivity. Nevertheless, in these experiments 
many of the adults laid more eggs than the average produced by the 
undisturbed individuals shown m table 2. Under a constant tem¬ 
perature of 28® C. and with examinations at intervals of from 61 to 12 
hours, 22 females that had averaged 39 eggs each before the scale 
covering was removed laid a total of from 94 to 263 eggs, averaging 
158.4±4.4, before they died or the experiment was terminated. The 
length of the oviposition period ranged from 9 to 19 days after the 
females were placed under observation. Under fluctuating temf)era- 
tures 16 overwintered females just beginning production laid from 71 
to 230 eggs, averaging 151, in from 38 to 50 days (average 45.6), 
whereas 8 females of comparable age of the next generation produced 
from 72 to 113 eggs, or a mean of 92.7, in from 6 to 13 davs (average 
9.4). 

EGG STAGE 


In August 1926 two experiments were conducted to obtain data on 
hatching and the length of the egg stage of the camphor scale. In 
the first experiment, each day for 8 successive days field-collected 
females were examined and the eggs placed on moist paper in Petri 
dishes, the eggs removed from each female at each examination being 
kept separately. The eggs from some females hatched mucb sooner 
than those from others, but all the eggs laid on a single day by ea(‘h 
adult completed development in nearly the same time. 

On the basis of similarity in the length of the developmental periods 
of their eggs, the 21 females isolated on August 6 could be grouped 
into 5 types. The mean length of the incubation j)eriod of eggs laid 
by each type of female on each day of the experiment is shown in 
figure 2. In eggs laid by females of types 1 to 3 from 6 to 8 days were 
required for postuterine development at the beginning of the experi¬ 
ment and after that the time decreased gradually. In eggs laid by 
females of ty])es 4 and 5 the developmental j)eriod was comparatively 
brief for the first 5 days and then became slightly longer. For each 
type the total variation, as measured by the standard deviation, was 
small and about equal for eggs laid on any 1 day. Because of large 
differences between the means, the coefficient of variation, wliich 
usually measures inherent variability, varied enormously. For eggs 
laid on August 9 it ranged from 5 to more than 160 percent (table 3). 

Table 3. —Statistical constants for length of incubation period of eggs laid by five 
types of Pseudaonidia duplex females on Aug, P, 19^6 


1 . 

2 . 

3. 


Type of 
female 


Mean 
length of 
egg stage 


Standard 

deviation 


Coefficient 
of variation 


Days 


Days 


Percent 


8 13 
6.67 
4.96 


0.40 

.47 

.69 


4.9 

7.0 

11.9 


4. 

5 . 


Tyi)e of 
female 


Mean 
length of 
egg stage 


Standard 

deviation 


Coefficient 
of variation 


Days 

1.39 


Days 

0.66 


Percent 

40.3 


.28 


.46 


160.7 
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The percentage variation in the rate of development in typo 1, and 
possibty type 2, is about normal for homogeneous biological material— 
an indication that the eggs were deposited soon after they began to 
develop. Since the standard deviation is practically constant, dif¬ 
ferences in the length of the incubation period for eggs from the last 



FictiRE 2 -Average length uf incubution i)erioii of eggs removed from each of five typet> of field-collected 
Psetidaomdia dupUx females, August 1921) 


throe typos of females may be due to difFerences in the length of time 
they wore retained in the parent's body before deposition. Diversity 
in age was later proved to be the most likely explanation. The two 
groups that laid eggs about ready to hatch were identified as the last 
of the first brood, while the other three groups were probably newly 
mature adults of tlie second brood, as indicated by the presence of 
females of the two broods in contemx)orary seasonal-histo^ counts 
and by the rapid decrease in the length of the incubation period of the 
of the younger females under mean daily temperatures of 28.0 ± 
0.2^ C. 
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On August 24 the experiment was repeated, with one modification in 
procedure. When the scale covering was removed from each female, 
the number of eggs and crawlers beneath it was recorded, and also the 
absence or abundance of eggshells and the presence of progeny settled 
beneath the parent scale. The relative age of each female, as judged 
from these data, was then recorded in terms of the total number of 
eggs laid on or before August 24. Since at this time females of the 
second brood had been laying for about 2 weeks, individuals of all agp 
wore available. The length of the developmental period of eggs laid 
subsequently was then determined as before. The 51 females used in 
the experiment were then divided into 6 age groups as measured by 
production prior to the beginning of the experiment, and for each 
group the average lengtfj of the egg stage was calculated for eggs laid 
on the first day of the experiment and for eggs laid during the first 4 
days of the experiment. The results are given in table 4. 

Table 4. —Length of egg stage of Pseudaonidia duplex related to productiofi prior to 
the beginning of the experiment on Aug. 24^ 1926 


Eggs producpd on or 
before Aug 24 


Mean length of egg stage 


for eggs laid— 



Females 

On fir.st day 

On first 4 

Range 

Mean 


of exiieri- 

(lays of 




inent i 

experunent * 

Number 

Number 

Number 

Dayx 


0-10 . 

8 8±0. 5 

17 

C 80dr0 12 

h 09dr0 18 

11-20. 

17.6:1: 8 

6 

5 . 02 

4 trtlrh .48 

21-40... . 

82 7±l 5 

7 

4.87± .15 

4 024: . 29 

41-00. 

49 2±l 4 

11 

3 47dr . 17 

8 224: 18 

61-80. 

09. 2dr2.1 

5 

8.50± .21 

2.8H± . 11 

81-100.-.. 

86 8d:1.4 

0 

2.07-i: . 22 

1 964: .21 


1 Averages for individual eggs. 

* Averages of means for eatm female. 

There was a close correlation between the production ago of the 
female and the length of time fertilized eggs were hehl before being 
deposited. This was demonstrated both by the shortening of the egg 
stage as the female aged and by the fact that, for females of the same, 
age group, the average for the first 4 days was in every case less than 
that for the first day only. After eggs had begun to hatch and 
crawlers to emerge, the previous production of a female could be deter¬ 
mined only approximately, an uncertainty that applied particularly 
to the oldest group. Oviposition probably started soon after the first 
eggs began developing, as judged from the lO-percent coefficient of 
variation in the length of the egg stage for eggs laid by the youngest 
group of females. 

In 1931 eggs were removed from overwintered females and females 
of the first brood that were just beginning to reproduce. As in pre¬ 
vious experiments, the females could be grouped into a small number 
of classes on the basis of similarity in the length of the egg stage. 
Observations on overwintered females were started February 25, 
with egg removals at 12-hour intervals. The average length of the 
incubation period of eggs from 9 representative females has been 
plotted in figure 3, together with that of eggs from 2 females that 
varied most from the average. Since the temperatures increased 
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from the beginning to the end of the experiment, the shortening of 
the egg stage was due to a rising temperature as well as to an increase 
in the degree of embryonic development prior to oviposition. 

Observations on the first-brood females were begun on June 24, 
with egg removals at 4-hour intervals. Although of nearly the same 
production age, these females showed a variation of nearly 2 days in 
the length of time eggs were retained before being deposited. As in 
the earlier experiments, the later eggs hatched in a much shorter time 
than the first ones to be laid. 

Most of the eggs laid on a single day by a given female hatched 
within a short period, but there were some exceptions. Occasionally 



Fi(ii KE 3.' Average length of incubation period of eggs of Pu udnonidm duplri laid by o\ erwintered females 
in 1U31 I'he circles represent a\ erages of eggs from « t> pical females, the two senes of crosses (+ X)» 

eggs from the 2 females, in a total of 23, which varied most widel> The temtHirattires, represented by 
the (lotted line, are the means for the incubation jieriod of typical eggs hatching at each observation. 

eggs adhered in strings as they \\ere laid. In removing these care 
was taken to preserve the order of laying, so that it might be com¬ 
pared with the order of hatching. Jn general, the eggs hatched in the 
order in which they were laid, but some eggs hatched from 12 to 24 
hours before older ones in the string. Tn 19IU the incubation period 
of a few eggs differed by 2 or 3 days from that of the majority of the 
eggs laid on the same day. Some of these exceptional eggs had ap¬ 
parently just begun to develop when deposited; others were laid in 
such an advanced stage that they hatched during the 4-hour interval 
between egg removals. 

Because of the influence of the age of the parent, only the first eggs 
to be laid after removal of the coverings were deposited sufficiently 
early to permit measuring the effect of temperature upon the rate of 
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embryonic development. To determine this factor, observations 
were made on tbe lenscth of (be developmental period of such eggs 
taken from females of each brood, thus representing three different 
seasons of the year. The results have been summarized in table 5. 
When the moan temperature of the incubation period was 13.0° C., 
an average time of 39.0 davs was re<piircd to complete development, 
whereas the eggs hatched m 0.8 days under a mean temperature of 
27.1° C. 


Table 5. —Effect of temperature on the length of the developmental period of eggs of 
Eseudaonidia duplex laid on the first day of observation by females that had laid 
previously an average of eggs 


Date eggs were 
laid 

Brood of females 

Fe¬ 

males 

Eggs 

1 

Mean tern-, 
perature 
during { 
incubation 

licngth of egg stage 

Mean 

Mini- 

rmim 

Ma\i- 
nium 1 

(Coefficient 
of variation 



Number 

i 

Number 

O 

Pay ft 

nayH 

Days 

Percent 

Aug. 25, 192G... 

Second.. 

17 

1 70 

2G 9 

1 0 12 


s 

10 3 

Feb. 25, 1931. 

Overw intered 

H 

j S 

13 b 

1 39 02-1- . IS 

39 

41 

1 S 

June 24, 1931 .. 

First_ 1 

11 

1 

27 1 

0 S2i. 01 

I 0 2 

7 5 

4 7 


The mortality of e^gs removed <o Petri dishes ranged from 10 to 20 
percent in warm weather. Under the low temporal ures of early spring 
many more were killed by fungi, a thing that did not oec^nr in the 
field. Eggs plae.ed in open lV.tri dishes and kept in cIoschI incubators 
with fan circulation failed to bateli, but when fresh air was intro¬ 
duced continuously by a filter p\imp, liatcbing compared favorably 
with that in the insectary. Mortality in the field could be estimated 
approximately from the number of dead eggs and (*rawlers under 
spent females. In the first and second broods the mortality was 
probably less than 5 percent of the total production, but in the third 
brood the mortality of eggs, and especially that of (*rawlers, was much 
greater. 


EMERGENCE AND SETTLING OF THE CRAWLER 

EMEKOENC'E 

The newly hatched crawler did not leave the protection of the 
parent scale immediately, but was responsive to exteiiial conditions. 
This was indicated particularly by the diunial variation in the num¬ 
ber emerging. In August 1923 potted camphor-tree ])lants with undis¬ 
turbed reproducing females were examined at (> and 9 a. m., 12 m., 
and 6 p. m. for several days, at which times all crawlers and newly 
settled first-instar nymphs were removed. Crawlers seldom emerged 
during the night, although a few newly settled individuals with white 
covers were found at G a. m. It is probable that these had appeared 
the preceding day but had been overlooked, as in a study of night 
emergence during the summer of 1925 no crawlers were found to 
emerge during the night even when the plants were illuminated with 
electric lights. From 6 a. m. to 6 p. m. the rate of emergence varied 
considerably, as is indicated in table 6. Usually more than half the 
crawlers left the parent scale covering between 9 a. m. and noon, 
although the proportion varied from day to day. 
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Table 0. —N amber of crawlers of Pseudaonidia duplex emerging from beneath undis¬ 
turbed females on potted camphor-trees in different intervals during the day, August 


Females 

Plants 

Date 

Meau 
temi>cr- 
ature 9 
a m - 
12111. 

Crawlers einergiug in interval - 

0-9 a m 

9 a m.- 
12 lu 

12m.-3 

p. 111. 

3-6 p. m. 

Total 6 
a. m. to 

0 p. m. 

Nu mhf'r 

Nu Jiiher 


® <7. 

Number 

Nu mber 

Number 

Number 

Number 



/Aug. 14___ 

28.9 

5 

03 

24 

13 

105 



Aug. 1.5_ 

28.9 

24 

38 

20 

11 

93 



.Aug. 10. 

29.1 

t> 

40 

5 

12 

09 

47 

<) 

Aug 17_ 

30.2 

10 

21 

10 

0 

47 



Aug. IH. 

; 29 0 

1 

28 

14 

2 

45 



Average. 

j . J 

9 2 

39 2 

14 0 

8.8 

71.8 



/Aug. 21..-. 

! 30 4 

24 

42 i 


9 

84 



Aug 22.i 

i 29 .5 

12 

52 

n 

11 

80 


i 

Aug 23. 

' 29.4 

1 i 

35 1 

1 j 

13 

50 

55 

4 i' 

.Aug. 24 . . . ! 

! 28. 7 , 

4 

' 50 

10 ! 

5 

75 


1 

Aug. 2o.. - . - . _ 1 

28.8 1 

J" i 

1 37 ! 

3 i 

5 

02 



Aug. 20- . . 

29.4 1 

10 ! 

1 21 

0 j 

3 

46 



.\\errtge 

. 

12 3 i 

1 40 5 

0 7 

7.7 

07. 2 


The time of emergence depended in yiart upon the temiicrature. 
The warmer the day the earlier the crawlers tended to emerge. When 
the mean temperature between 9 a. m. and 12 m. was 25® C., 80 
jiercent of the daily emergence occumnl during that time, but when 
the mean temjierature for this interval increased to 31® C., enough 
crawlers emerged before 9 a. m. to reduce the emergence between 
9 a. m. and 12 m. to 40 percent of the daily total. 

The effect of tempei'ature upon the percentage of crawlers emerging 
between 11 a. m. and 2 p. ni. each day in August 1923 and in March 
1925 is shown in figure 4. During the summer, wdien the minimum 
temperatures were high, the total number of crawlers that emerged on 
any day depended largely upon the number that hatched on that or 
the preceding day’^, and not on the temperature. For August, there¬ 
fore, the emergence between 11a. m. and 2 p. m. has been calculated 
as a ])ercentage of the number that emerged for the entire day. In 
the spring, however, temperatures were too low for crawlers to come 
out from the covering, as was shown by the greatly reduced emergence 
on cool days as compared wdth that on w^arm days. In March the 
daily emergence of crawlers from 39 mature females on 6 plants 
depended so largely^ upon temperature that emergence between 11 
a. m. and 2 p. m. could not be referred satisfactorily to the emergence 
for the entire day, as in the summer. Instead, the daily^ totals were 
plotted against the date, and a smooth curve (not showm) was fitted 
to the records lor those days when low temperatures did not retard 
emergence. This curve was principally a correction for the contin¬ 
uously decreasing production that has been noted previously in the 
paper. The number of crawlers emerging between 11 a. m. and 2 
p. m. has been converted into a percentage of the number expected 
from the curve, and in figure 4 this percentage has been plotted 
against the average temperature of the interval. 

It is showm that when midday temperatures fell below 20® C. very 
few crawlers emerged, either then or at any other time during the day. 
With midday temperatures of 23® C. and above, it is probable that 
temperature did not retard emergence. 

12706rj—.‘{f»- 
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External conditions that brought crawlers out onto the plant 
favored crawling. Of the individuals reported in table 6, few that 
emerged in the morning were settled at the time of examination, but 



Figure 4. —Percentage of emergence of crawlers of Pseudaonidia duplex at midday (ll a. m. to 2 p. m ) as 
related to the temi»erature at this time, March 1925 (empty circles) and August 1923 (solid circles). 
The percentage emerging m March is based upon an estimated possible daily total, emergence in August 
Is a percentage of the observed daily total. 

late in the afternoon a fair proportion had settled in tlie 3-hour 
interval. 

After emerging, the nymph generally cniwled toward the light, a 
tendency that kept the population moving out onto the younger 
growth of the plant. During the winter of 1927 counts were made of 



Figure 5.—Percentage distribution of adult females of the second and third broods on camphor-tree wood 
of different ages in the winter of 1927, showing the movement of the new brood toward the younger 
growth. 


scales on camphor-tree wood of different ages, the counts of old 
spent females of the second brood being kept separately from those 
of overwintering females of the third brood that had not yet pro¬ 
duced. The percentage occurrence of each type of female on wood 
of each growth is plotted in figure 5. This shows that the scales of 
the new generation, comprising 80 percent of the total, had moved 
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about one growth toward the newer wood. As there are normally 
three growths of camphor-tree wood and three generations of the 
camphor scale each year, this rate of migration should keep the 
population on the same growth throughout the year. 

RATE OF CRAWLING 

Because of its importance in the spread of the camphor scale, 
crawling was studied experimentally. Adult scales were scraped 
from infested twigs onto sheets of paper. Active iminjured nymphs 
crawled free of the debris toward the light and could then be trans¬ 
ferred on the tip of a fine moistened brush to a potted plant. 

An apparatus was set up in the constant-temperature room for 
investigating the ^curacy of orientation and the rate of crawling in 
relation to light intensity and temperature. This apparatus con¬ 
sisted essentially of a sliding wooden stage on which a sheet of 
smooth, black, unglazed paper measuring 5}^ by 7 inches was fas¬ 
tened, and a light source, usually a 75-watt mazda bulb, which 
supplied unilateral light filtered through a copper cliloride solution 
at a level slightly above that of the stage. A crawler was placed on 
the sliding stage as far as possible from the light source, and the 
stage was rnov^ed back as fast as the insect crawled toward the light, 
so that it was illuminated uniformly throughout its trail. As it 
crawled, the larva was followed closelv with a white pencil and its 
positions at 30-second intervals were indicated by cross marks. A 
mercuiy tliermometer was suspmded over the crawler and read at 
the beginning and end of each 5-minute trail. There was sometimes 
a difference as great as 1.3° C, between the temperature at the begin¬ 
ning and the end of a trail, because of the differential on which the 
thermostat operated. In such cases the temperature was interpolated 
for any given section of the trail. 

To obtain as consistent a group of records os possible, the distance 
crawled in 1 minute without marked change in the angle of orienta¬ 
tion was adopted as the unit, and as many 1-minute records as pos¬ 
sible were selected from the many original records. Soine crawlers 
gave five or more unit records; for others none were available. For 
each unit the angle of orientation from the light source, the most 
probable temperature (by interpolation), and the distance crawled 
were determined. The distance was measured by enlarging the 
trail five times with a pantograpJi, measuring the enlarged trail with 
a map measure, and converting back to centimeters of original 
trail. 

The three typical trails reproduced in figuie 6 illustrate the irreg¬ 
ular orientation that was encountered, as weU as the greater speed 
of crawling at the higher temperatures. 

These experiments were started in June 1929 with second-brood 
crawlers and completed in September with third-brood crawlers. It 
was found that the crawlers did not behave uniformly. The majority 
of trails at a given temperature checked closely with one another, 
but a few nymphs crawled consistently much more slowly. These 
were designated as ‘‘slow^' individuals and handled separately from 
the others. They crawled about one-half as fast and oriented them¬ 
selves less accurately toward the light. They were more frequent 
toward the end of production by the second brood in September (20 
percent of the total) tlian in June, perhaps because of the lower 
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vitality of crawlers late in the season. Some of them, however, may 
have been slug^gish because they were isolated too soon after hatching, 
a condition that would not occur in the field. They will not bo 
considered further. 

The relation of temperature and light intensity to rate of crawling 
was tested over a temperature range of from 17® C. to 37° C. under 
a 75-watt lamp, a 15-watt lamp, and in early morning sunlight. A 
75-watt light delivered to the crawlers a radiation intensity of 0.0029 
to 0.0038 gram-calorie per square centimeter per minute. It was 
found that the observations at 75 watts could be adequately fitted 
with a straight line by the method of partial means (fig. 7), indicat¬ 
ing that the j)ercentage in- 
crease in rate of crawling per 
degree rise in temperature was 
Direction or light A Constant ovor the entire range 

\ of temperature. This is in con- 

,, \ trast to other activities of the 

\ ' I camphor scale, such as oviposi- 

< j tion and settling, which were 

\ / frequently retarded by temper- 

/ t atures above 30° (\ A reduc- 

\ / tion of 80 percent in light inten- 

\ / sity (to approximately 0.007 

} } / gram-ealorie per scjuare centi- 

jf y [ meter per minute) by substi- 

7 tilting a 15-watt bulb did not 

Sept 17 Sept lo I change tho rate of crawling; 

212 *- 21 6*c 259-- 25.4-c A therefore, these observations 

J have been used with those 

r under 75-watt illumination in 

V determining the curve. The 

/ June 26 greater intensity of early morn- 

3 i 8 -- 3 i 9 *c. sunlight, however, in¬ 

creased the rate of crawling 
_ materially. 

Figure O,-- Specimen trails of Pseudaonidta duplex Orientation WaS lliuch IcsS 
crawlers under unilateral illumination of 76-watl bulb, tlinii luwl Kopn PYT-ipnlprl 

showing tyjie of orientation in the trail of a single ^ Uiail llUO Ot-Cn i xpix teu, 

crawler and the relative speed of crawling at different and til 6 CrawlcrS deviated aS 
temperatures. The cross marks were made at 30-sec- 4 . a 4.1 ^ i rx 

ond intervals. One-tourth natural size. Olteil tO tllC right aS tO tllC left. 

In figure 6 it is shown that 
in the course of a 5-minute trail the crawler sometimes shifted 


Sept lO 
25 9*- 25.4-c 


June 26 
318- - 319* C. 


both the angle and the general direction of orientation. Several 
crawlers described complete circles under umlatcral illumina¬ 
tions. The angular departure from the direction of the light rays 
was greater at the lower than at the higher temperatures, averaging 
from 36° to 54° at 17° C. to 19° C. and from 13° to 18° at 33° C. to 
36° C. A closer correlation between the angle of orientation and 
the rate of crawling is shown in figure 8, together with the number of 
1-minute trails for each 5° of angular departure from the direction of 
light. It is shown that few nymphs crawled directly toward the 
light. The average angle of departure from precise onentation was 
28.1°. As the orientation became less exact, the rate of crawling 
diminished bjr a constant percentage per degree of angular departure 
(upper fjurve in fig. 8). 
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Witliin the range of light intensities used in these experiments, an 
increase in light decreased the accuracy of orientation if it had any 
effect at all. The average angular departure from direct orientation 
toward the light was 23.1® ±1.3° at 15-watt illumination, 28.1° ±0.6° 
at 75-watt illumination, and 33.9° ±2.2° in early morning sunlight. 

RATE OF SETTLING 

The crawler is more exposed to death while it is active than after 
it has attached itself to the host by settling. Accordingly, the rate at 
which settling occurred has been studied in some detail. The ends of 



FHiTke 7.--Relation between rate of craw ling of Pseudaonidia duplex nymphs and temperature under 
light intensities of a 75-w*att lamp, u 15-watt lamp, and early morning sunlight, in a constant-teinfiera- 
ture room, 1929. A logarithmic curve has been fitted to the 75-watt and 15-watt data. The diameter 
of each circle is proportional to the sipiaro root of the number of 1-mmute trails upon which the reading 
IS based. 

short sections of second- or tliird^rowth camphor-tree twigs, each 
with a single leaf, w'cre sealed in shell vials containing water, and each 
twig was mapped and then infested with 20 crawlers. The position 
of each inactive crawler was noted hourly, and the time of settling was 
based upon the first observation at which the crawler was found in its 
final location. A few twigs (5 out of 25) on w'hich the settling was 
abnormally low', presumably as a result of handling, were discarded. 
Two series of observations were carried out in 1926 on third-brood 
nymphs at midday before a large east window. The experiment was 
repeated on the first-brood crawlers in the spring of 1929 imder 
artificial illumination from two 75-watt lamps in the constant-tem¬ 
perature room. The records are summarized in figure 9 and table 7. 
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Table 7. —Rate of settling of Pseudaonidia duplex crawlers after being transferred 
to camphor-tree twigs in the laboratory 



Temperature 




1 

i 


Survivors settling - 

Date 

Mean | 

Range 

Kind of light 

Twig.s 

('rawlers 

1 ouu tTawit!r?» 
settling 

In 3 
hours 

In 6 
hours 

On 

stem 

1926 

Sept. 23_ 

°C7. 

30.2 

1.0 

Daylight. 

Number 

10 

Nu mber 
200 

Number 

126 

Percent 

63.0 

Percent 

78.8 

Percent 

92.9 

Percent 

72.2 

Sept. 28. 

32,2 

2.5 

_do. 

10 

200 

86 

43.0 j 

89.4 

98.8 

37.2 

1929 

Mar. 27_-_ 

28.0 

1 0 

Two 75-watt 

11 

220 

168 

76 4 

86 9 

98.2 

37.6 

Mar. 28. 

27. 5 

1 0 

lamps. 

--....do. 

12 

240 

1 163 

67.9 

78.5 

90 2 

46.3 

Apr 1. 

22 f) 

1.0 

-- --do.. 

12 

240 

1 KM) 

41.7 

72.0 

91.0 

57.0 

Apr. 2. 

22. 5 

1.0 

.do. 

12 

240 

92 

38.3 

70.7 

94.6 

52.2 






i 





Figure 8 —Accuracy of orientation of Pseudaovidia duplex in crawlinf? toward light from a 75-wntt bulb 
as shown by the frequencies of angular departure and the rate of crawling at different angles. 


In 1929 nearly twice as many crawlers settled at 27.5° C. as at 
22.5° C., and those that did settle successfully did so more rapidly 
at the higher temperattare. In the higher temperature range of 
the two experiments in daylight in 1926 fewer settled than at 27.5°, 
and though only two-thirds as many survived at 32.2° C. as at 
30.2° C., the survivors settled more rapidly. Temperature changes 
in either direction from an optimum of 27° to 30° C. apparently 
reduced the number of survivors. Within the entire temperature 
range of 22° to 32° C., however, more than 90 percent of the crawlers 
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that survived settled in the first 6 hours after being transferred to 
the twigs. 

Most of the males are found on the leaves and most of the females 
on the wood of the camphor-tree. The rates of settling in the two 
positions have been compared in order to determine any possible 
relationship to sex differences in the crawlers. At the end of 2 hours 
at 27.5° C. 46 percent had settled, divided about equally between the 
stem and the leaves and i^etioles. Of those that required more than 
2 hours to settle, 71 percent were found on leaves and petioles. 
Although this seemed to indicate that crawlers on leaves, mainly 



Time After Transferring Crawlers to Plant (Hours) 


Figukk 0 Hate of settliut? of Pscudaonidia duplex erawlors on cainphor-troe twigs and leaves: and if, 
in daylight at 30 2® and 32.2® C., respectively, September 1920, C and />, under illuiuination of two 
75-watt lamps, at 27.7® (moan for Mar 27 and 2») and 22.5® (mean for .■Vpr. 1 and 2), respectively, 1929. 

males, required slightly longer to settle than those on stems, princi¬ 
pally females, a comparison of the average time in the two positions 
showed no significant difference, being 2.37±0.11 hours on the stem 
and 2.50 ±0.08 hours on the leaves and petioles. 

The positions of settling in the foregoing experiments have been 
classified in table 8. Of those on the stem, from 78 to 98 percent 
settled about nodes, bases of petioles, or similar irregular places. 
On the upper and lower surfaces of the leaves 86 to 100 percent settled 
next to the midrib and most of the remainder along large veins. The 
different parts of the leaf were favored as follows: 67 percent on the 
upijer surface, 15 percent on the lower surface, and 18 percent on the 
petiole. 
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Table 8. —Positions in which crawlers of Pseudaonidia duplex settled on small 
UingSy each with a single leaf, in the laboratory^ 1926 and 1929 


Number of crawlers settling on date indicated 


Part of tvvig 


Stem 

About nodes, etc. 
Between nodes... 
Leaf- 

Upijer surface_ 

Midrib. 

Blade. 

Lower surface. 

Midrib.. 

Blade.. 

Petiole* 

Top.. 

Bottom.. 


1926 J 

1 

1929 2 

Tota 

Sept. 23 

Sept 28 

Mar 26 

Mar 27 

Mar. 28 

Mar. 30 

Apr. 1 

89 

29 

68 

55 

63 

46 

r)0 

40( 

2 

3 

19 

10 

8 

5 


5< 

30 

-IS 


73 

48 

41 

20 

31( 

0 

0 

10 


6 

3 

1 

2 ; 

0 

2 

24 

10 

1 11 

7 

10 i 

6- 

0 

0 

2 

2 


3 

2 * 

< 

5 

3 

9 

13 

10 

r, 

Pj ' 

5( 

1 ! 

0 

1 

9 

15 


.. i 

4( 


1 In daylight 

*ln constant-tempcruture room under artificial light, except on Mar 26, when the ohserMitions were 
made in daylight. 


FACTORS LIMITING THE NUMBER SETTLING 

Many experiments were conducted in which crawlers w(H'c obtained 
from field-collected females, by methods already described, trans¬ 
ferred by brush to potted plants, and the number that settled counted 
a day or two later. This method was subject to error from many 
causes, such as the premature transfer of cj'awlers, injury in handling, 
and abnormally adverse conditions on individual plants, jieculiar to 
experimentation. In certain earlier experiments iilants were omitted 
which seemed to fall in the last category, as judged by poor settling 
in comparison with the majority in the same group. Even with 
nearly ideal eX])erimental conditions, the crawlers were affected by so 
many factors that the number that survived was unpredictable. As 
the experiments })rogressed, some of the more important conditions 
that reduced settling were disclosed, and this information was used 
wherever possible to improve the technic of the later experiments. 

TEMPErtATUliE 

The effect of temperature lias already been shown in the experi¬ 
ments on rate of settling. The influence of temperature was, however, 
frequently masked by other factors. A series of experiments was 
therefore conducted under controlled conditions in which the other 
factors were kept as nearly constant as possible. On September 5, 
1929, between 7:30 a. m. and 12:30 p. m., 100 crawlers from the same 
source were transferred to each of 30 plants and the plants were then 
placed in five chambers, each at a different temperature. The num¬ 
ber that settled and formed complete covers at each temperature is 
shown in table 9 and figure 10. More crawlers settled at the higher 
temperatures, but the effect was not uniform with all the individuals. 
Apparently those settling on leaves were favored more by a rise in 
temjierature than those on the stem. This tendency was observed 
also in the last column of table 7 , 
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Table 9. —Settling of crawlers of Pseudaonidia duplex on potted camphor-tree 
plants at different constant temperatures, morning of Sept, 5, 1929 ^ 


Temperature (° C.) 

Crawlers 

settled 

First-instar 
nymphs on 
stem 

Temperature (° C) 

Crawlers 

settled 

First-instar 
nymphs on 
stem 

16.2.-. 

Percent 

24.5d=2 0 
46.2d=2.3 
64 7±2.2 

Percent 

69 0db6.8 
56 9rbl.3 
55 G±2 9 

25 7. 

Percent 

59.5±2.8 
67.3±2.7 

Percent 
51.3±2.0 
46.6=fc2.4 

19.4. 

29 2.. 

22.1.. 



> 100 crawlers on each of 0 plants at each temperature. 


Settling records taken under outdoor temperatures in the shaded 
insectary or in the unheated laboratory also showed the effect of 
temperature. As these records were subject to variation in crawler 



FroriiK 10 -Effect of terni^rature upon iiercentage of crawlers setthuR on different tyiHJS of material. 
Onuinal data in tat)les 7, ti, and 10 The diameters of the circles are proportional to the siiuare root of the 
iiuirjl)er of iilants included in each mean. 


material on difrerent days, only crawlers transferred on a single day 
or half day were included in any given average, a procedure which 
increased both the validity of each mean and the variation between 
the means. The data have been summarized in table 10. The 
temperature was the average for the 6 hours following infestation 
when the exact time was recorded, an average for the period from 10 
a. m. to 4 p. m. in the case of plants known to have been infested some 
time in the morning (1930), and an average from 10 a. m. to 8 p m. 
when only the date was recorded. Alost of the temperature records 
were taken from the insectary thermograph, and usually were suf¬ 
ficiently close to the temperatures of the plants, though occasionally, 
during rapid changes in outdoor temperature, there may have been 
a lag due to the absence of air currents about the plants. Beginning 
in 1926, plants w^ere carefully protected from air currents during and 
after infestation, a procedure which undoubtedly increased the uni¬ 
formity of settling. 
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Table 10. —Settling of crawlers of Pseudaonidia duplex transferred to camphor^tree 
and Satsuma orange seedlings in shaded insectary or unheated laboratory 

(" VMPKOR-TREK 




1924; 

Apr. 8... 

Juno 18- 

.Tune 20. 

July 3— 

July 31. 

\UK. 18-.- 
Aug. 19—. 

Do_ 

A up. 20. 

1025. Apr. 21-..- 
1926* 

Sept. 9- 

Do- 

Sept 16 

Do -- - 

1928 


\up. 30. 

Sept. 8- - 

Sept. 14 _- 

Sept 18- 

1929: Sept 4. - 

1930- 

Mar. 7. -- 

Mar. 18 _ . 

Mar. 27. 

Apr. 30.. 

June 17.. 

Sept. 2 _ 

Sept 15 _ 

Oet 2 . 



Time 
of day 

Moan 

tenipern- 

tiire 

Plaiit.s 

Total 

crawlers 

tranpferred 

Crawlers settled 



Of 

Nv mber 

Number 

Nil niber 

Percent 


p 111. 

22.6 

4 

800 

427 

.5.3.4 



31 2 

1 

100 

54 

54 0 



31.4 

3 

600 

257 

42 8 



27 2 

4 

800 

487 

60 9 



30 7 

1 

KK) 

47 

47 0 


p in 

27 7 

1 

200 

144 

72 0 


a Ill 

28 9 

1 

200 

127 

63 5 


p 111 

28 2 

3 

600 

422 

70 3 


a ni 

28 0 

3 

600 

407 

67 8 

.. 


27 9 

2 

400 

346 

80. 5 


a in 

31.2 

11 

1M)0 

.571 

6.3 4 


T) 111 

30 1 

7 

m) 

344 

.57 3 


a. in 

211 1 

3 

4.^ 

351 

78 0 

::_ .j 

p. Ill 

27 8 

4 

600 

4.52 

75 3 



26 d= 

5 

7.50 

.532 

70 9 



29 zt 

5 

7.50 

.571 

76 .5 



29 ± 

f, 

750 

.597 

79 6 



26 d- 

4 

600 

.321 

,53 5 


a Ill 

.30 zt 

0 

600 

3()6 

61 0 


a in 

20 3 

5 

1, .500 

62^1 

41 9 

_ 

a in 1 

24 9 

6 

1,800 

622 

34 6 


a til 

21 ± 

6 

l.KOO 

622 

34 6 


a in 

24 4 

6 

900 

.582 

61 7 


a 111 . ! 

30 6 

.5 

7.50 

702 * 

93 6 


a Til. 

28 8 

4 

600 

488; 

81 3 


a 111 

25 J 

12 

1,800 

1,4.32 

79 6 

. 

a. 111 . 

25 0 

6 

IKM) 

709 

78 H 


SATSrMA OIIANOT^ 


1924 

Apr 8. 

a rn 

i 

2:1 H 


1,4(M) 

1,026 

73 3 

Do.. 

p. in 

2:1 2 

7 

1,400 

975 

69 6 

June 18 _. _ 


31 2 

3 

6(KI 

371 

61 8 

.lune 19_ . _ _ 

p. ni. 

27 2 

3 

f)00 

368 

61 3 

June 20. — - - 

_1 

31 4 

8 

1,600 

1,211 

75 7 

June 24. _ ^ 


29 6 

2 

4(KI 

238 

50 5 

July 3_ . --- 


27 2 

i 

200 

138 

69 0 

July 31__ _ _ 

_ 

30 7 

^ i 

200 

115 

.57 5 

Auk 18.. 

in 

28 0 

3 

600 

311 

.52 3 

Auk 19. 

p rn 

28 2 ’ 

3 

600 

438 

73 0 

Auk, 20. ... . j 

a Ill. 

28 1 1 

8 

1,600 

966 

' 60. 4 


I Unequal numbers on clitTerent plants equalized on basis of 100 

The relation between temperature and the percentage of crawlers 
that settled and formed covers, under controlled conditions on cam¬ 
phor-trees, and under sheltered outdoor temperatures on camphor- 
tree and Satsuma orange plants, lias been plotted in figure 10. In 
the temperature range from 15° to 29° C. each degree centigrade 
inen^ase in temperature tended to increase the number settling by 
about 3.5 to 4 percent, representing an average survival range of from 
25 to 75 percent, but above this temperature there was usually a 
reduction in the number that settled. It has already been noted that 
during cool weather crawlers sometimes remained \mder the parent 
scale covering and delayed emergence until the midday temperature 
reached 20° C. If tliis occurs generally, settling in the field would 
seldom average below 40 percent of normal emergence. On the other 
hand, on very warm days the earlier morning emergence of crawlers 
might also increase survival. 
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Air Currents 

Although most of the emerged crawlers were easily dislodged by 
the wind, more survived than had been anticipated. On September 
16, 150 crawlers were placed on each of 13 plants in still air, and 
immediately every alternate plant was placed 24 inches from a 12-inch 
oscillating fan. These plants were thus exposed intermittently to a 
maximum air velocity of 12.7 miles per hour, or an average of 5.3 miles 
per hour, at temperatures from 28° to 30° C. On the other 7 plants, 
wliicli remained in still air, 76.4 ±1.3 percent survived, but on the 6 
plants under the fan only 37.4±0.9 percent survived. Of these, less 
than half could have inserted their beaks in the 20 to 35 minutes 
required to infest the plants in still air before they were placed before 
the fan. Hence, one-fourth to one-third of the active crawlers were 
able to settle in a fairly strong intermittent breeze. In the field, 
however, some of the crawlers dislodged by the wind were probably 
carried to other host plants. 

Wind velocities equal to those under the fan were estimated (from 
Weather Bureau data) to occur, in the natural habitat of the camphor 
scale in New Orleans, on 1 day in 5 in April, but only on 1 day in 30 
in July and August. 

Lkjht 

The number of crawlers settling in the light or in moderate shade 
has been compared with the number settling in an adjacent paper 
dark box. On September 16, 1926, 150 crawlers were trimsferred to 
eacli of 13 potted camphor-trees, 7 of which were placed in the dark 
box immediately after being infested. A subsequent count showed 
that 76.4±1.3 percent settled in the light, and only 64.8±2.8 per¬ 
cent settled m the dark. The difference, 11.6±3.1 percent, was 
significant. 

The dilTerence between males and females in the position of settling 
was somewhat less jironounced upon the camphor-trees in the dark 
box than iijam adjacent idants in daylight. The percentage dis¬ 
tributions of each sex upon leaf blades, leaf petioles, and stems in 
tlic light and in the dark are compared in table 11 for scales which 
developed to a stage in which the. sexes could be separated. The 
experiment of 1926 vas repeated in 1929 with this modification: 
Field infestations were scraped into small cones on the stem from 
whicli crawlers emerged and infested the plant over a period of 3 
days, on some plants in daylight, on others in the dark. The dupli¬ 
cate plants for each treatment and sex were compared with one 
another by means of the x* test to determme whether the proportions 
of craA’lers which settled upon any given part of the plant were equal 
wdthin the limits of chance. In both seasons parallel plants differed 
mon* from one another in two or more categories than could be 
attributed to chance, so that Ihc significance of the ilifferent com¬ 
parisons has been determined from the observed variability by the 
analysis of variance, as described by Fisher.® 

* Fishkk, K. a. statistical methods foe beseaech woekers. Ed. 2, pp. 178-237. Edinburgh 
and London. 1928. 
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Table 11 . — Comparison of position of settling of sexes of Pseudaonidia duplex in 

reference to light 

[In 1926 the crawlers were transferred by brush on Sept. 16, and the scales counted on Oct 18-Nov. 15 . 
Jn 1929 scale material was scratched from field infestations, and placed in a small cone on the stem from 
which crawlers emerged and infested the plants Sept. 2-6, scales were counted Oct. 23-24] 







Crawlers that 











settled on - 


o 




Year and 

Condi- 






■ 

\'armnfe in 3 positions 

-c 

1 

os 



sex 

tion 

a 

A 


[•ales 

$ 

T3 

.2 

1 

2 

1 

2 

tern 

of settling 

*S 

i 

bt. 

.2: 

a 

w 

"o 

B 

s 

cr 

Vj 

0 

I’/j 

C 



pH 




tJ 

m 



rjj 





IS inn- 

Nam- 

Per- 

Per- 

Per- 

] 


1 ! 

I j 

1 

1 i 

1926- 


btr 


ber 

cent 

cent 

cent 






Male— 

/Light- 


6 

132 

47.7 

32 6 

19.7 

Light V. dark ... 

2 

204. 96 

102 48 

2 31 


lDark- 


7 

191 

37.2 

36.7 

26 2 

Experimental error— 

22 

580 43 

26.38 

1.64 

Feraale— 

1 Light- 


6 

150 

2.7 

4.7 

92 6 

Light ». dark.. . 

2 

324.12 

162.06 

2.54 


\Dark- 


7 

141 

14.9 

6.0 

80 1 

Experimental error— 

22 

83.04 

3 80 

.67 

1929' 













Male_ 

/Light. 

\Dark„ 


7 

791 

86.8 

10.7 

2.5 

Light r. dark... 

2 

256.48 

128 24 

; 2.43 



.5 

219 

82. 2 

10.5 

7.3i ExiMjnmental error— 

20 

249. 62 

12.48 

1.26 

Female— 

/Light. 

U)ark- 


7 

916 

21.0 

3.2 

75.8 

Light V. dark. 

2 

1055 08! 

527 54 

! 3,13 
! 2. 53, 



5 

302 

26.8 

5.3 

67 9 

Expel imental error.. 

! 

3180 76 

159.04 


The results show that of tlie males, which normally occur sparingly 
on the stem or wood of camphor-trees, a larger percentage settled on 
the stem in the dark than in the light in both experimental series. 
Of females, more settled on the leaves in the dark than in the light. 
This difference w-as not vitiated by the relatively heavier infestations 
of both sexes on the stems of the smaller plants used in 1920 than 
occurred on the larger plants in 1929. Despite the relatively large 
variability between plants, the absence of light modified the position 
of settling signillcaiitly. Tlie. chance that the distribution on leaf 
blades, leaf petioles, and stems in the dark differed from that in the 
light exceeded 100 to 1 for females in 1920 and males in 1929, and 
nearly equaled or exceeded 20 to 1 for the other two categories. 
Most of the variability between parallel plants in 1929 was due to 
tw^o plants, one in the dark and the other in the light, both showing 
an abnormally large amount of settling on the stem. If these two 
records are omitted, the duplicate tests are more nearly m agreement 
(by the yf test), and the effect of light is statistically significant for 
both sexes (nx--2, r# 2 = 16 ; male c—0.77, female c='0.92). From this 
we may conclude that a small part of the differential settling of the 
two sexes is clearly a visual response. An alternative explanation by 
differential mortality proved inapplicable. 

Species of Host 

In 1924 the settling of crawlers on Satsuma orange was compared 
with that on camphor-trees. Table 10 shows 8 days or half-days 
when crawlers were placed on both camphor-tree and Satsuma 
orange plants. More crawlers survived on Satsuma orange than on 
camphor-trees in 6 of these cases, or an average of 6.4 percent more 
for the 8 cases. Tliis difference was not statistically significant, indi¬ 
cating that Satsuma orange was no more susceptible to infestation 
than the camphor-tree. Many more female scales were found on 
Satsuma orange leaves than on camphor-tree leaves. 
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Time of Transference 

Crawlers normally emerged from under the parent scale in the 
morning, but they could be obtained readily in the afternoon for 
infesting plants. On several days plants were infested both in the 
moming and in the afternoon with crawlers freshly scratched from 
the same field-infested material. (Table 12.) In 6 out of 7 cases 

Tahi.e 12 .—Comparifion of settling of crawlers of Pseudaonidia duplex in the 
morning and in the afternoon of the same day 


June 11 
June VI 
June . 

1921 

Apr. H . 
Auk 19 

192f) 

SepI 9 , 

Sept JO.. 



Total crawlers 
t transferred 

Crawlers settled 

Unto 





: In the ^ 

In the 

In the 1 

In the 



! inornlnR ; 

afternoon 

morning j 

afternoon 


i 

iVw mber 1 

Nu mber 

i Percent 

Percent 


. . . 1. 175 ; 

750 

3S.0 

34 1 


1.250 

1,5(K) 

1 42.0 ! 

38 7 


_ 1,700 , 

1.5(M) 

' 5S 2 1 

48.1 


... 1,400 

; 1 

, 1.400 1 73 3 i 

09 0 

. 

200 

(KX) 

1 03.5 1 

70.3 


900 

; 000 

1 03 4 

57.3 

.. . 

. 4.’i0 

' 000 

1 78 0 > 

75 3 


the average percentage settling in the afternoon was smaller than in 
the morning of the same day. The average difference in these 0 
cases amounted to about 5 percent of those transferred. 

Crowding 

The percentage that settled depended to a slight extent upon the 
number of crawlers transferred to the plant. The mean number 
settling and the standard deviation from the mean were compared 
when 50, 100, 200, and 300 were transferred on September 9, 1926. 
With only 50 nymphs the variation was excessive, but with 300 
there seemed to be some loss from crowding on the 1-year-old seed¬ 
lings used in tliis experiment. 


SUMMARY 

These studies deal with the productivity of the camphor scale and 
its biology from the time of egg deposition to the settling of the newly 
hatched njunphs, the period in which the maximum abundance of the 
succeeding generation is determined. 

The productivity of the females in the laboratory was estimated in 
two ways, by counting the newly emerged scales on potted camphor- 
tree and Satsuma orange plants, and by removing the covering from 
females on camphor-tree twigs and observing oviposition directly. 
By the first method 13 first-brood females on camphor-trees produced 
an average of 125 offspring, and 24 second-brood females produced an 
average of 110. Productivity on Satsuma orange was somewhat 
higher. By the second method the females showed a higher total 
reproductivity than that estimated from emergence records. Be¬ 
tween 14° and 29° G. the rate of oviposition increased with rising 
temperature according to logarithmic curves, but temperatures both 
below and above these limits retarded egg laying. 
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Productivity in the field was determined by counting the eggs 
beneath field-collected adults. The ovipositiori period ranged from 
13 weeks for the overwintered females to 5 or 6 weeks for the first- 
and second-brood females. 

The time required for the eggs to hatch varied widely with the age 
of the female. Eggs from the youngest females had the longest 
incubation period, but the older females retained their eggs longer 
after development had started. In most cases high temperatures 
shortened the embryonic period. 

The crawlers showed a marked diurnal periodicity in the time of 
emerging from beneath the covering of the parent scale. They 
seldom came out between G p. m. and 6 a. m. The time of emergence 
during the day depended in part upon the temperature, being earlier 
on the warmer days. In midsummer the majority had emerged 
before 11 a. m. When midday temperatures fell below 20° (\, few 
crawlers came out at any time during the day. 

The crawlers were positively phototropio, but orientation toward a 
light source was not exact. The rate of crawling diminished as the 
angular departure from the light source increased, and was accel¬ 
erated by high temperature within the range 17° to 37° C. 

In experiments under controlled conditions the highest percentage 
of crawlers settled in the temperature range 27° to 30° C., but at all 
temperatures between 22° and 32° C. more than 90 percent of the 
crawlers that survived settled in the first 6 hours after being trans¬ 
ferred to the twigs. 

In insectary experiments each degree rise in temperature between 
15.2° and 29.2° C. tended to increase the number of crawlers settling 
and forming covers by 3.5 to 4 percent. Sinen emergence is also 
suppressed by low temperatures, it is probai)le that settling in the 
field would seldom average below 40 perc.ent of normal emergence. 

The crawlers were easily dislodged by air currents. \Mien infested 
plants were exposed intermittently to a maximum air velocity of 12.7 
miles per hour, only 37 percent of the crawlers transferred settled, as 
compared with 76 percent on plants kept in still air. 

Factors of lesser importance in their eil'ect on crawler survival 
were type of host plant, light intensity, time of transfer, and number 
of crawlers per plant. 

On camphor-trees most of the females settled on the stem and most 
of the males on the leaves. Of those on the stem, the majority settled 
around nodes and bases of petioles, while those on the leaves w’ere 
usually found next to the midrib. The proportion of males and 
lema-les settlmg on the leaf and stem was more nearly equal when 
settling took place in the dark, but the difference was not sufficient 
to explam tlie sex difference in location on the plant. 



BIOLOGY OF THE CAMPHOR SCALE AND A METHOD 
FOR PREDICTING THE TIME OF APPEARANCE OF 
STAGES IN THE FIELD ^ 

By A. W. Chessman, associate entomologist, and C. I. Bliss, formerly entomologist, 
with the assistance of L. T. Kebsels, formerly senior scientific aid, and J. O. 
Dumebtre, formerly clerk. Division of Fruit Insects, Bureau of Entomology and 
Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 

In a previous paper the reproduction of the camphor scale {Psevd- 
aonidia duplex Ckll.) and the behavior of the crawler stage were 
discussed {!)? The present paper is concerned with the later develop¬ 
ment of the insect, and includes the biology from the time of settling 
to the reproductive period, largely as determined from insecta^ 
experiments. It also deals with the seasonal history of the scale in 
the field and gives a method for predicting the time of appearance of 
each stage, which is useful in the timing of applications of msecticides 
so that thej"^ will be most effective. 


METHODS USED IN BIOLOGICAL STUDIES 

All the experiments were conducted in a screened insectary, where 
the scales were not exposed to direct sunlight or to rains. Potted 
cami)hor-treo plants 8 to 10 inches high were used as hosts in all the 
experiments on development. Material was taken from infested 
camphor-trees in the field. The s(rales, eggs, and crawlers were 
removed from the twigs to paper, and the crawlers tr»msferred to the 
host plants with fine camers-iiair brushes. Only those nymphs that 
moved toward the light were used. During the transfer and settling 
of the crawlers the plants were shielded from air currents by glass 
frames. 

Before a plant was infested, an ink line was drawn down the stem 
and a diagram made of the figure that would be formed if the stem 
\vere split on this line and the two halves, outer surface up, laid side by 
side, the leaves being drawn sepjirately and numbered. Before the 
first molt the locations of the scales were indicated on this diagram and 
each was given a number. The individual scales could then be fol¬ 
lowed as long as they remained on the plant. 

The number of insects that had formed covers at the end of 48 
hours was taken as the number that had settled. Records of the 
length of each stage of the females were taken every day within about 
2 hours of noon. In the case of the last three molts of the males usually 
10 individuals were examined at 2-day intervals, but in cool weather 
the intervals between observations were sometimes longer. Daily 
mean temperatures were obtained by planimeter readings from thermo¬ 
graph records (checked against calibrated thermometers) on a 12-noon 
basis. Experunents were started with the first brood of the year and 
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continued through the last brood in order to cover as wide a range of 
temperature as possible. 

DESCRIPTION OF MOLTS 

The female molts twice. Preceding each molt her body becomes 
swollen and its contents fluid, and the integument sticks to the cover¬ 
ing. The time of molting can be detected by a color change in the 
covering. For several days previous to the molt this covering has a 
transparent amber color; then, as the molt takes place it takes on a 



TEMPCRATUIIE ('C ) 

P’lGURE 1.—Tiength of the first (/ij and second (B) stadia of the camphor scale {P»eudaontdia duplex) as 
functions of the mean temperature. 

drier, brighter appearance and loses its transparency. If the adult 
female is fertilized, the eggs are laid and hatched beneath the covering. 
The male is identical in appearance with the female when in the first 
larval instar, but in the second instar he becomes elongated and the 
covering is oblong-elliptical. The male has four larval instars. The 
fourth molt brings him into the winged adult stage, after which he 
emerges from beneath the covering and is ready to mate. The last 
three molts cannot be distinguished by color changes and the covering 
must be removed to ascertain the stage of the male beneath. The 
insect does not survive this treatment. 
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RATE OF DEVELOPMENT 

The relation between the length of the first stadium (males and 
females) and temperature is shown in curve A, figure 1, where each 
point represents the mean for the scales on a group of jilants infested 
at the same time. The length of this stadium was calculated from the 
time the scales were set out on the plant, since it had been previously 
shown (i) that most of the crawlers settle within a few hours after 
being transferred. The number of scales in each group ranged from 
32G to 726, and there were 4,771 scales in all. The mean temperature 



FkiURE 2. -'riic ratp of devolopineiit of the camphor scale in relation to temperature. A, DuniiR the first 
stadium, li duniijj the secomi siadiimi. 


ranged from 15.9° to 28.6° C, and the mean length of the stadium from 
10.2 to 33 days. The numerical data are given in table 1. 


Table 1. —Length of the first stadium of camphor scales (both sexes) on potted 
camphor-tree plants in the insectary at different temperatures 


Brood 

Date 

started 

.Scales 

1 

AveniRC 
length of 
stadium 

Aleaii 

tem|H*ru- 

lure 

j Broo<J 

1 

T)ate 

started 

Scale.*? 

ANcriiKc 
leliRth of 
stadium 

i 

Mean 
! tempera¬ 
ture 

i 

First. 

Mar. 7 
Alar IS 
Mar 27 
Apr. 11 
Apr. 30 

X umber 
320 
450 
439 
OHO 
442 

Days 

33 0±Q 04 
29 li: .03 
22.0± . 04 
10. Orb .02 
12 2db . 01 

°C, 

15 9 
10 9 
IS 1 
20 8 
23.6 

Secomi_ 

Third.. - 

June 17 
Sept. 2 
Sept. 15 
Oct. 2 

Xumher 

720 

549 

582 

665 

Days 

10 2i0 01 

to Oi . 02 

12. 5i .02 

13. C± . 02 

° C 

28. 0 
26.9 
23 0 
22 8 


The usual method of measuring relative growtli velocities is by the 
reciprocal of the time required to complete a given stage. These 
values for different temperatures are shown in figure 2, A, The curve 
is approximately a straight line between 16° and 23.5° C., but beyond 
the higher point the effect of change in temperature on developmental 
127005—35-0 
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velocity decreased. Whether the decrease was due to the inclusion 
in the means of temperatures above 30° C. cannot be determined 
from these data. 

A study of the statistical constants covering the relation of the 
length of the stadium to the temperature in these experiments 
showed that variables other than temperature had a negligible effect 
upon the rate of development. Curve A in figure 1 was fitted to the 
means by freehand graphic approximation, the algebraic sum of the 
residuals being made zero, and the difference between this ciuve and 
the observed individual record was read off for each case. The index 
of correlation was then calculated from the formula— 

This gave a value of 0.98, showing that the variation in length of the 
first stadium was almost entirely a function of tem])erature. Al¬ 
though the maximum time over which molting extended for any 
group was 7 days, the majority of scales molted closely around the 
mean date. In no case had as many as 10 percent molted 2 days 
previous to that time. No significant variation in the length of the 
stadium was found wliich depended on sox or position on the plant. 

The results for the second-instar females arc given in table 2 and 
figure 1, B, The second stadium is shown to be somewhat longer 
than the first at con'espoiiding temperatures. In figure 2, B, the re¬ 
ciprocals of the time have been plotted against temperatures. No 
portion of this curve is a straiglit line. The index of correlation for 
1,301 cases was 0.96. The maximum variation in length of the 
stadium for any group was 9 days, but again in no group did 10 
percent of the scales show a 2-day variation from the mean. 

Table 2. —Length of second stadium of female camphor scales on potted camphor-tree 
plants in the insectary at different temperatures 


Broixi 

Date 
majority 
made 
first molt 

Scales 

A verape 
length of 
stadjiiiri 

Mean 

tem¬ 

pera¬ 

ture 

Brood 

i 

Date 
majority 
made 
first molt 

j 

Scales 

Average 
length of 
stadium 

Mean 

tem¬ 

pera¬ 

ture 

First. 

Apr. 9.., 
Apr. 10. 
Apr. 19. 

Apr. 28 - 
May 12- 

Number 

71 

1 J71 

113 
211 
137 

Days 

24 3±0 09 
21. 3=fc . 00 
20 0± 07 
17 3=1. 04 
16 9± . 03 

20.9 
21 8 
22 1 

23 h 

24 0 

Second_ 

Third_ 

June 27-- 
Sept. 13 
Sept 27- 
Oct. 15 - 

Number 

259 

134 

138 

07 

Days 

14 9i:0 04 
19. 2=fc . (K 
19 2± 00 
33.9± (H) 

28 0 
23.6 
22.8 
10.9 


Variation in the length of both the first and second stadia was great¬ 
est in the scales of the first brood, as would be expected from the 
lower temperatures prevailing. Since in this brood the temperature 
at the time of tlie second molt was higlier than at the time of the 
first molt, those scales that completed the first molt early were 
exposed to a lower mean temperature during the second stadium than 
those molting later. Consequently, there was an apparent tendency 
for scales making the first molt earlier or later than the average to 
compensate for this difference in the second stadium. When the 
length of the second stadium for the individual scales in the first two 
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groups was associated with the length of the first stadium, regression 
coefficients of -“0.54 day and —-0.53 day were obtained. When 
the differences in individual mean temperatures were considered, by 
correlating the difference between the expected length of the first 
stadium, predicted from figure 1, and the observed length with the 
equivalent departure in the second instar, the regression coefficient 
was not significant in one group, and in the second it had the small, 
though significant, value of —0.12 day. Although the first correla¬ 
tion was largely spurious, similar temperature conditions obtained 
in the field, and its existence in the case of the brood showing the 
greatest variation is further justification for using mean periods in 
field prediction. To use the minimum length of the stadium would 
introduce a systematic error, since those individuals in which the 
first stadium was shortest tended to spend a longer time in the next 



TEMPERATURE CC.) 

Fjcu’re 3 I^ength of preoviposit ion {teriod of the camphor scale in relation to temperature FieM data 
are shown by plain circle.s, insectary data by circles with crosses 

Stadium than those that made the first molt at later dates. Peairs' 
(6*) method of plotting minimum periods therefore has not been used. 

The time from the second molt to the production of the first egg, 
or the preoviposition period, is shown in fig^ure 3 and table 3. Because 
of the limited temperature range of the insectary studies, the data 
from the field counts have been included. Each entry represents a 
group of plants infested on the same day in the insectary studies or a 
brood in the field counts. Since it was necessary to depend on periodic 
removals for the insectary data, the results can be considered only as 
approximate. An additional source of variation lay in the fact that 
the exact date of fertilization was unknown. Therefore, the time the 
first females started to lay probably was the best indication of the 
end of the preoviposition period in the field, since these females were 
presumably the first to be fertilized. The data from both sources 
showed fair agreement. 
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Table 3. —Length of preoviposilion period of the camphor scale at different tempera- 
lures as estimated from field and insectary data 


Source of data ! 

I ]Mean 
temjiera- 
turo 

Average 
length of 
period 

Source of data 

Mean 

lcm;)era- 

ture 

Average 
length of 
period 

Field - _ 

1 ® (\ 

' 21 (1 
23. 1 
24.4 
2ti. 1 
27. 0 
27.1 j 

Dayn 

29 

2H 

25 

20 

19 

1 

Insectary - - . - 

' ^ O 

1 23 7 1 

23 S 1 
' 23 S 1 

! 24. 3 i 

1 30 3 ' 

1 j 

Days 

2(1 

25 

27 

i 23 

17 


The tijue from the l)egmning of reproduction to the emergence of 
crawlers is shown in figure 4 and table 4. Because of the short 



TEMPERATURE (*C ) 

Figure 4.—Time from the beginning of eRg production of the camphor scale to appearance of new ly settled 
nymphs m relation to teTni)erature. Each circle represents the i>erio<l for a single broinl as obser\etl in 
the field. 


interval between oviposition and hatching, and between hatching and 
emergence, the period from beginning of ovijiosition to emergence ot 
young proved to be a more reliable interval than the two short periods. 
These records were taken entirely from the field counts. 

Table 4. —Period from appearance of first eggs to emergence of crawlers of the 
camphor scale at different t€?nperatureSj as estimated from field counts 


Mean tem- 
jicrature 

Average 
length of 
period 

Mean tem¬ 
perature 

Average 
length of 
period 

° C. 

Days 

O 

Days 

13.0 

59 

20.6 

10 

17.3 

33 

27.1 

10 

23.7 

10 

27.7 

12 

2o 2 

13 

28.4 

11 
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Males of the first instar showed no difference from tlie females. 
For tlie later stages periodic examinations were made as previously 
described. The number of days from the first molt to the time the 
majority had reached each succeeding stadium was determined, and 
the lengths of the stadia were calculated Irom these figures. Since 
only a small number were removed each time, and the last three stadia 
were of short duration, these results also were only approximate. 
The data arc summarized in table 5. 

Table 3. —Length of later stadia of male camphor scales at different temperatures ^ 


SfH'ond hladiiiiii 

Prepupal stadium ■ 

; 

Pupal stadium 

\dult (until 
t*mergerife) 

'(‘injicr- 

utiiro 

Loiij.»lh 

, dVinper- 
ature 

Lencth ! 

! 

t‘mper- 
ul lire 

i Leiijflh 

"rt'uiper- 
at lire 

Leui>th 

o 

Jjnys 

0 

1 

Day ft : 

o c 

Jhiys 

■ 

Days 

•J1 0 

25 

' H) 7 

3 

15 0 

\ 15 

13 0 

3 

Ud. w 

22 

21 7 

.3 

2:1 2 


22 0 

.*> 

2L’ 2 

20 

23 0 

3 

2:1 4 

1 1 

2.3 5 

3 

22 S 

1 19 

2.3 7 

.3 

23 9 

5 

> 23 K 

1 ! 

23 (. 

Ih 

21 0 

3 

24 1 

5 

24 1 

3 1 

23 (. 

IS 

21 0 

2 

24 5 

(• 

21 4 i 

1 

24 (1 

If. 

1 25 2 

2 j 

24 S 

4 

25 0 

3 1 

2h 1 

Hi 

' 2f) 2 

2 ! 

20 n 

3 

27 (1 ' 

3 


' I (»i of tliii Ill'll stadium see table 1. 

MORTALITY 

'I'lio mortality for the lirst-instar females on tlie stem ranged from 
3.9 to :13.1 ])ercent, and for the second instar from 30.1 to 47.0 percent, 
and the ])ercentage of adults that died without reproducing ranged 
from 23.S to 47.(). If we consider tlie totals of all the experiments, 
the pro])ortions that died during the three stadia calculated as per¬ 
centages of those that entered the stadium were 1 l.O, 34.9, and 38.7 
percent, respectively. The proportions of those .settling that survived 
each stadium were 89.0, 50.4, and 33.4 percent, respectively. These 
figures have*, been corrected for scales killed by parasiies and predators 
and those removed for observation. No reiation between mortality 
and tempiu’ature or density of po]nilation was evident in these experi¬ 
ments. In the field, where the infestation is much heavier at times, 
Iiojnilation density is a factor, and subfreezing temperatures may kill 
some s(*ales. 

The mortality of the first-instar nymphs was somewhat higher on 
the leaves than on the stem. The removal of immature scales follow¬ 
ing the first molt, and the twisting and handling of the leaves during 
the examination, with the consefpient loosening of the scale covers, 
ninde the figures on later mortality of doubtful value. 

SEXUAL DIFFERENCES IN PLACE OF SETTLING AND RATIO OF 

SEXES 

On camphor the two sexes sho^v a marked difference in settling on 
different portions of the plant (table 6), the males generally going to 
the leaves and the females to the stem, although this characteristic 
has been observed to vary on different plants. Generally the males 
are found on the leaves, but the females on some plants settle on the 
leaves as readily as on the stem. 






274 


Journal of Agricultural Research 


Vol. 60, no. 3 


Table 6. —Percentage of each sex of the camphor-scale nymphs settling on different 
parts of potted camphor-tree plants 





Nymphs settling on— 


Sex 

Total 

scales 


Leaf blades 

Petioles 



Stem 

tlpi>er 

surface 

Lower 

surface 

Upiier 
surface j 

I^ower 

surface 

Female. 

Number 

3.050 

Percent 
75 8 

Percent 

4 0 

Percent 

J2.f) 

Percent 

3 1 

Percent 

3 9 

Male.-.1 

1 

3.290 

4 1 

53 0 

i 

28.9 

5 3 ! 

1 

8.7 


The sex was known only of those scales that survived well into the 
second stadium. On the basis of such scales, the ])roportion of males 
was 48.2 percent and of females r)1.8 ])ercent. Since the two sexes 
settled on different ])arts of the plant, these figures would not repre¬ 
sent the true sex ratio if there was a difference in mortality before 
the sexes became distinguishable. It may be assumed, however, 
that the data on the scales of known sex do represent the true pro¬ 
portion of the sexes which settled on each part of the plant. If the 
total number that settled on each part is multi])lied by the i)ercentage 
of each sex later found, to give the true numbers of males and females 
in the newly settled nymphs, and the products are converted into 
percentages, wo obtain males 51.9 percent, females 48.1 percent. 
The sex ratio, then, was ])ractieally unity. 

FERTILIZATION 

Fertilization is necessary for egg i)roduction. In a large series of 
experiments no ])arthenogenesis has been found. Unfertilized females 
never take on the purple-brown color characteristic of the gravid 
female. In cages 1 male has fertilized as many as 3 females, and 
it is possible that in the field the male can fertilize a still greater 
number. ''Phe female lias also been observed to mate more than 
once. 

SEASONAL HISTORY AND PREDICTION OF TIME OF APPEARANCE 

OF STAGES 

METHODS OF PREDICTION 

The two methods that have been used most by American ento¬ 
mologists for predicting the length of developmental stages are the 
^May-degree”, or accumulated-tcmperature, method and the ^^de¬ 
velopmental-unit ” method. 

The first method has been applied by fllenn {5) to data on the 
codling moth. It is based on the old idea that the time-temperature 
curve is an equilateral hyperbola, or that the developmental velocity- 
temperature curve is a straight line. Therefore, the product of tiiiie 
and effective temperature—i. e., degrees above the hyperbolic zero— 
will be a constant, so that when the number of day degrees required 
to complete the different stages has once been determined, it should 
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be possible to predict the length of the stages from the accumulated 
temperatures. It is doubtful whether the velocity-effective tem¬ 
perature curve is really a straight line over any part of the tempera¬ 
ture range, but in many cases it is approximately so in the middle of 
the range. Glenn corrected for deviations at high, but not low, 
temperatures. 

Shelford {8) discusses Glenn’s work in some detail, and then 
develops a method that appears to be similar in principle although 
introducing more refinements. He uses the ^developmental unit”, 
which he defines as ‘Hhe difference in amount of development pro¬ 
duced in one hour by a difference of one degree of moan medial variable 
temperatures (other conditions being average).” ‘^Medial tempera¬ 
ture” refers to the straight-line (or approximately straight-line) 
portion of the velocity cur\"e. This developmental unit, however, 
is a variable, the value of which depends on the climatic conditions, 
such as falling or rising temperatures or rainfall. Shelford makes 
corrections for high and low temperature, humidity, rainfall, etc. 
His use of hourly instead of daily temperature is a theoretical im¬ 
provement, since there is less variation during the shorter period. 
On the whole» however, the method appears to be complicated and 
hiborioiis as to both the fundamental experimentation necessary and 
the ap|)lication to field prediction. Any method based on the as¬ 
sumption of a straight-line velocity curve requires so many correc¬ 
tions for accurate work that it is desirable to introduce a method 
that does not/ depend on such an assumption. For example, the 
velo(‘.ity curve (fig. 2, li) for the second-instar females, as discussed 
on page 270, has no portion that is a straight line. 

The method herein proposed is based on no assumptions whatever 
beyond that necessary to any predudion of this kind, that in the 
absence of other modifying external factors the development of an 
insect will repeat the same response to the same temperature. With 
the camphor scale a sullicient basis for prediction of the time of 
ai)j)earauce of the different stages is the number of days required to 
complete a stage at any mean temperature, as shown in figures 1, 3, 
and 4. To get the expected date of appearance of any instar, a 
running average is kept of the mean daily temperatures until a tem¬ 
perature-time (‘combination is reached which would permit comple¬ 
tion of the stage. 

This methocl may be illustrated with a prediction of the beginning 
of the second stadium of the first brood in 1920 (table 7). The first 
newly settled nymphs were observed on March 30. Beginning with 
this date, a running average was kept of the mean daily temperatures, 
and on the day (about Apr. 21) when this average approached a 
value that was indicated on curve A of figure 1, the number of days 
since March 30 was compared with the number of days corresponding 
to that temperature on the curve. This comparison was then repeated 
every day until the two periods were of the same length. The data 
given in table 7 indicate tliat the second instar should appear on 
April 25. The time of completion of the second stadium would then 
be calculated from this date and the readings made from figure 1, B. 
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Table 7 .—Data for prediction of date of appearance of the second instar of the first 
brood of camphor scales in 1926, ivhen newly settled nymphs were first observed on 
Mar. 30, 1926 


Date 


Apr 21. 
22 . 
23 
2-1- 
2r) 


I AveraKt^ 1 

I Length of daily mean 1 
I period froni| tempera- } 
i Mar 30 1 tiires from | 
I ! Mar. 30 


J/ength of 
first sta¬ 
dium as 
obUimed 
from fig 
1 , -1 


i 


Jiays ! C 

22 ; 16 S 

23 17 0 

21 I 17 1 

25 I 17 3 

1 ' 17 ‘1 


Days 
29+ 
28 
27 + 
26 5 
1 ‘^0 


’Agreement of mimbers in italics mdicate.s that the second instai may be expected to apimar on Apr. 25. 


The most probable source of error with this inotliod lies in the 
averaging of temperatures on the basis of a time period instead of a 
fraction of a developmental period. If an insect spends 5 days at 
28^ C. and 5 days at 20^ C., the mean tem])erature, calculated on 
a time basis, would be 24° C. But if the rate of development is 
twice as rapid at 28° as at 20° C., the portion of the stage ])assed at 
28° would be twice as great as that at 20° C. This error, however, 
is less under a continuously varying temperature than where the 
insect is under one tem])erature for a certain period and is then 
suddenly changed to a very different temperature. The fact that 
the data on wliieh the predictions are based were obtained under 
conditions similar to those in the field further reduces this error 
The method is simple, direct of application, and should l)e eai)able 
of extension to many other insects. 

SEASONAL-HISTORY DATA 

Counts were made of scales on a row of camphor-trees in Audulxin 
Park, New Orleans, at weekly intervals during 1920, 1927, and 1928. 
No thermograph records were kept, but the IJnited States \\’eather 
Bureau inaintains a substation in tlie park which records maximum 
aiKl minimum temperatures. These tcmi)eratures were c()m])ared 
with the main Weather Bureau station extremes for New Orleans 
and the Weather Bureau means (computed on an hourly })asis) 
moditied accordingly to obtain the mean ])ark temperatures. Since 
the maximum and minimum temperatures in the park m ere rather 
erratic as compared with the official temperatures, a constant rather 
than a day-to-day correction was applied. The mean park tempera¬ 
tures were consistently lower than the readings of the main \\’eathcr 
Bureau station, the average deviation for the period from the first 
appearance of newly settled nym])hs to the maturing of the last brood 
being 1.0°, 0.9°, and 1.2° C., respectively, for the 3 years. Therefore, 
the daily mean temperatures given in the monthly summary of the 
Weather Bureau were reduced 1.0° C. for calculating the mean tem¬ 
peratures under wliicli the scales developed. This illustrates the 
necessity of checking habitat temperatures of an insect against 
Weather Bureau records in order to allow for consistent departures. 

Scales were recorded according to instars, and the adults were 
further divided into white, pink, gravid, and reproducing. The 
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numbers of living and dead individuals of each stage were tallied, 
with the dead separated into those killed by parasites, predators, 
freezing, and other natural causes. In addition, the number of egp 
and crawlers under each reproducing female was recorded. Usually 
one twig was taken from each of four trees, and approximately 500 
scales were counted from these twigs. Only the female scales are 
discussed here, the assumption being made tliat all the first instar 
and early second instar were females. As is seen from the propor¬ 
tion of sexes settling on the stem in the insectary, the error intro¬ 
duced is small. 

When the beginning of a stage fell between the weekly counts, it 
was necessary to extrapolate the curves to the origin. Such curves 
were compared with those for other years to determine their most 
probable position. Except in the case of the second- and third-brood 
adults, the broods were separated with little difficulty. There was 
some question as to the time the third-brood adults first appeared, 
although when they were present in any numbers they were easily 
distinguished. 

A graph on which the first yearns counts are recorded is shown in 
figure 5. This is typical of the data for the other years, which were 
plotted with smoothed curves in the same way. As would be ex¬ 
pected, the curves have a tendency to flatten in successive genera¬ 
tions, and the tails on the curves are most pronounced in the tliird 
generation. 

These counts present a picture of the scale population throughout 
the year. Their most important use is for checking the applica¬ 
bility of insectary data for prediction of the succession of stages 
in the field. They also show the incidence of parasites and, to 
some extent, of predators, and the effect of climatic conditions on 
mortalitv. 

PREDICTION OP STAGES 

In predicting the time of appearance of the different stages, the 
writers have worked with the time from the first of one stadium to 
the first of the next, for to figure from peak to peak would require 
that the two stadia involved be of the same length. They have 
started with the appearance of newly settled nymphs in the spring 
and checked the expected date of the appearance of each stage, cal¬ 
culated as described in the example given above, against the observed 
appearance of the stage in the field. 

A comparison of the expected and observed dates for the 3 years 
is shown in table 8. On the whole the agreement is close, justifying 
the method. There are two serious deviations. One is a difference 
of 5 days for the first brood, second instar, in 1927. The fact that the 
expected dates tend to run later than those observed for tliis year 
indicates that the first newly settled nymphs in the field were missed 
in the counts. The second serious discrepancy is for the third brood, 
third instar, in 1926. Little importance can bo attached to agree¬ 
ment or disagreement between observation and calculation at this 
point, because of the difficulty of ascertaining the actual beginning 
of this stage. As to the other discrepancies, a difference of a day is 
well within the variation of the material, and since counts were made 
at weekly intervals, the extrapolation sometimes necessary may be 
in error by a day or so. 
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Table 8. —Comparison between observed and predicted dates of appearance of dif^ 
ferent stages of the camphor scale in the field 




192(i 



1927 



1928 


Brood and stage 

fixpected 

date 

Observed 

date 

Tem- 
1 iiera- 
ture 

Expected 

<late 

Observed 

date 

Tem¬ 

pera¬ 

ture 

Exjjected 

date 

Observed 

date 

Tem¬ 

pera¬ 

ture 

First brood: 

First lustar _ 


Mar. 30 

°C. 


. 

Feb. 21 

® C'. 


Mar. 19 


Second instar 

Apr 25 
May 19 

Apr, 20 
May 18 

17.4 

Mar 27 

Mar. 22 

1.5.7 

Apr. 16 
May 12 

Apr 19 
Ml^ay 9 

16.8 

Third instar '. 

20.7 

Apr 17 

Apr. 10 

21 8 

19.8 

Second brood: 





-- - 

June 12 

June 12 

24 0 

May 17 

May 1.5 

21.7 

June 6 

June 6 

23.4 

First mstar. 

June 21 

June 22 

27,2 

May 29 

May 20 

24 0 

June J8 j 

June 20 

25.2 

Secoriti instar .. 

July 3 

July 5 

20 8 

J une 9 

June 7 

20.0 ’ 

June 29 

June 29 

26.6 

Third instar_ 

July lb 

July 19 

20 9 

June 24 

June 21 

20.0 

July 14 

July 10 

27 3 

Third brood 






Fggs- . -. 

Aug. 7 

Aug 8 

20 8 

July 13 

July 11 

27 1 

Aug. 4 

Aug. C 

26.2 

First instar. 

Aug 17 

1 Aug 17 

20 8 

July 23 

Jub 23 

27 8 

Aug 14 

.Aug. 10 

28.2 

Second instar 

\ug 27 

[ Aug 27 

27 t) 

4ug. 3 

Aug. 3 

20. 4 

Aug. 24 

Aug. 27 

27.9 

'Piiird instar 

Sept 11 

Sept 10 

27.3 

Aug. 18 

1 i 

Aug 19 

27. 1 

Sept 8 

Sept. 11 

25,8 


> 'riio tliird-iDstar feniules are adulta. 


The ftjrrecmoiit between the expected and observed results, there¬ 
fore, is well within the accuracy of the data. To facilitate prediction 



Figure 0.—Loni?lli of first and second stadia of nymphs and of preoviposition period of adults of Uie cam¬ 
phor scale as functions of the mean temproaturo. Curves of figures 1 and 3 converted to Fahrenheit 
scale for use in prediction directly from weather Bureau records. 


directly from Weather Bureau records, the curves of figures 1, 3, and 
4 have been reproduced in figures 6 and 7 with the temperature on the 
Fahrenheit scale. 
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In the preceding: discussion the ])rediction of the appearance of 
eggs laid by overwintering females or of the first instar of the first 
brood from the temperature recnrds has not been considered. If this 
could be done, there would be no necessity for making field observa¬ 
tions, and prediction could be made entirely from the weather records. 

An attempt was made to predict the appearance of eggs on the basis 
of mean temperature from an arbitrary date (Dec. 1) to the beginning 
of oviposition in the winter, based on seasonal-history data over the 5 
years 1924“28. The ])oints for 4 years fell on a smooth curve, but the 
date for 1924 was consistently earlier whether the point selected was 
first increase in ])ro(luction, 2, 5, or 10 eggs ])er female. That the re¬ 
actions of the overwintering females differ from those of the preceding 
brood is shown by the fact that, if this brood gave the same response 



to temperature as the others in the 3 years (1920, 1927, and 1928) in 
which complete counts arc available, eggs of another brood woidd 
have been produced each fall, whereas only in 1927 was there a partial 
fourth brood. In 1925, when the first adults of the third brood 
appeared about August 22, there were also a small number that 
reproduced. In both cases production, instead of gradually increas- 
ing, showed a tendency to become stationary and then decline during 
December and the first part of January. In 1923, 1924, 1926, and 
1928 no fourth-brood nymphs were found. It is, therefore, probably 
not justifiable to select an arbitrary date, since oviposition in winter 
depends in part on the time of maturation the preceding fall. This is 
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shown by the followin^^ data from insectary experiments in which the 
second molt was completed at different times: 

Dafo majority made second molt: Date of first egg^ 

Oct. . . _ _ _ _... _ Feb. 12 

Oct. If). __ _ . . . Feb. 20 

Nov. 1S_ __ _ _ . _ . „ Apr. 18 

Complete temp(»ratiire records on the plants involved are not 
available, but all were subject to tlie same conditions. 

Until the reactions of the overwintering females are better under¬ 
stood, therefore, it is necessary to base predictions on the beginning 
of some nonoverwintering stage. The appearance of newly settled 
nymphs is yucferable to the beginning of egg production, for several 
reasons. Since a few eggs are present throughout the winter, the date 
of the first continued increase in egg production is more imccrtain than 
the appearance of newly settled nymphs. Furthennore, to determine 
the beginning of increased egg production may require counts over 
an extended yieriod, while the newly settled nymphs are easily rec¬ 
ognized and t)ie date of their appearance can be ascertained with little 
difficulty. 

FACTORS AFFECTING MORTALITY 

The interpretation of the mortality figures is obscured by the fact 
that the scales often remained on the twig for some time after death, 
and th(' time of death was therefore unknown. In addition, since 
young were being produced during a large part of the time, successive 
counts were samples of a population whose make-up was constantly 
changing. For these reasons the figures represent only the portion 
of the population dead at the time of counting, and thus cannot be 
used to ascertain the projiortion of those entering a given stage which 
failed to survive. 

The mortality in 1920 is shown in the upper curve in figure 5 where, 
to yiermit conqiarison with the living scales, the same abscissas have 
been used in both cases. The mortality tended to reach a maximum 
just liefore the start of the new brood and a minimum at about the 
peak of the first instar. At these times the scales had been exposed to 
the maximum and minimum chances of death, since the average age 
of the scale population would be greatest at the first point, and least 
at the second. 

The percentage dead in the overwintered brood was lower in 1928 
than in 1920 or 1927, as a result of decreased parasitization; otherwise, 
there \yas little difference in the 3 years. 

During the time in which mortality records were taken, there were 
4 years in which the temperature fell below —5° C. In January 
1924 minimum temperatures of —3.3° C., —7.2° C., and —2.8° 
C., respectively, on 3 successive days killed about 10 percent of the 
scales {2), In December 1925, when the temperature fell to —5.6° 
C., approximately 4 to 5 percent of the population were frozen. 
About the same mortality was experienced in January 1928 with 
minimum temperatures of —5.0° C. and —6.1° C. On February 8 
and 9, 1933, when temperatures of —3.9° C. and —6*7° C. were 
recorded, between 30 and 37 percent of the scales on uninjured wood 
were frozen (5). In reality the total mortality in 1933 was inuch 
higher because most of the younger wood of camphor-trees was killed 
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back, and this wood bore most of tlie living scales previous to the 
freeze. 

These records show considerable variation in the mortality resulting 
from comparable temperatures, the probable reasons for which have 
been found in examination of the seasonal-liistory records and weather 
records preceding the low temperatures. In 1924 and 1933 the 
months preceding the minimum temperatures showed a daily average 
excess of 7.9° and 5.8° C., respectively. In 1925 and 1927 the pre¬ 
ceding months showed a daily average deficiency of 3.3° and 1.5° C., 
respectively. In the 2 years when subfreezing temperatures were 
preceded by subnormal temperatures, there was a much lower mor¬ 
tality than in those years when freezes were preceded by temperatures 
well above the normal. In all years except 1933 the scales were in 
the adult stage but had not started oviposition when the subfreezing 
temperatures occurred. In 1933 nearl 3 " 95 percent of the scales were 
reproducing, and the highest mortality was experienced, although the 
temperature did not go so low as in 1924. The records indicate that 
subfreezing temjieratures are fatal to more scales when they have 
been preceded by warm weather than when they follow a period of 
subnormal temperature, and have greater effect the more advan(*ed 
the development of the scale population. 

The number of scales parasitized never assumed significant, propor¬ 
tions except in the third broods of 1925 and 1927 and the over-win¬ 
tered brood of 1926 (third brood of 1925). In these cases the parasi- 
tization was approximately 20 percent. This decreased rapidl\" with 
the emergence of the first brood, and during the spring and summer 
months seldom were more than 3 percent of the scales parasitized. 
That the increases in the third brood were not merely" the result of 
the j)arasitized scales from the preceding broods remaining on the 
plant is indicated by the fact that in the second brood no increase 
over the first brood was noted, and that in 1928 the parasitization of 
the third brood was comparable to that in the earlier broods of that 
year. 

The scales were usually killed in the second instar, but occasionally 
parasitized adults were found. The following parasites have been 
recovered: Aphelinus fusevpennis Howard, A^pidiotiphagus cUrimis 
(Crawford), Prospaltella aurantii Howard, P. fasciata Malenotti, and 
Signiphora flavopalliata Ashmead. MeUdaptus torguatus Malenotti 
has also been taken from cages, but this may be an egg parasite of 
Psocidae. 

From these counts little can be said about the efficiency of predators, 
since the scale is usually completely removed when attacked. A bag- 
worm, PlatoeceticiLS gloveri (Packard), has been locally quite effective, 
and trees have been observed that were practically cleaned of scales 
by this insect (7). Two species of lady beetle, ChUocorus bivulnerus 
Mulsant and Microweisea tnisella Leconte, also feed on tlie scale, but 
none of these natural enemies has been sufficiently effective to be 
relied upon as a means of control. 

SUMMARY 

The biology of the camphor scale {Pseudaonidia duplex Ckll.) from 
the time of settling to the beginning of the reproductive period has 
been studied in the insectary and fidd. 
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The rate of development was found to be dependent largely upon 
the mean temperature, the index of correlation between the length of 
the first stadium and the temperature being 0.98, and for the length 
of the second stadium, 0.96. Curves are given for the length of the 
first and second stadia, the period from the second molt to egg produc¬ 
tion, and the time from the first egg to appearance of newly settled 
nymphs, as functions of temperature. 

Of the females that settled on the stem, 88.9 percent completed the 
first stadium, 56.4 percent the second stadium, and 33.4 percent 
reproduced. 

Approximately equal numbers of males and females were produced, 
and fertilization was necessary to reproduction. 

The mean temperature from the date of emergence of the first brood 
was found to be a satisfactory basis for predicting the time of appear¬ 
ance of the different stages under field conditions, the calculated and 
observed dates for field counts extending over 3 years agreeing within 
the accuracy of the data. 

As many as 30 to 37 percent of the scales have been killed hy low 
winter temperatures. Resistance to subfreezing temperatuies was 
greatest when they were preceded by subnormal temperatures and 
when the scales were in the earlier stages of development. 

Parasites and predators have not been important factors in the con¬ 
trol of this insect. 
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FACTORS AFFECTING INFECTION AND DECAY OF SWEET- 
POTATOES BY CERTAIN STORAGE ROT FUNGI > 


By J. I. Lauritzen 

Senior physiologist^ Division of Sugar Plant Investigaiiom. Bureau of Plant Industry^ * 
United States Department of Agriculture ^ 

INTRODUCTION 

Ilhizopus soft rot (Rhizopus nigricans Elir. and K. iritici Saito), 
surface rot (Fusarium oxgsporurn Schl.), Java black rot {Diplodia 
tnhericola (Ell. and Ev.) Taub.), charcoal rot {Sclerotium batatwola 
Taub.), and fusarium end rot, caused by species of Fusarium (includ¬ 
ing F, oxysporvm), are the principal storage diseases of sweetpotatoes 
{Ipomoea batatas (L.) Lam.), and they have received major considera¬ 
tion in this ])aper.'* The factors affecting the invasion of the tissue 
of sweetpotatoes during storage by fungi other than those listed 
above have also received some attention. 

Tli(' object of the present investigation was to study the effect of 
the following factors on infe(‘tion and dec^ay of sweetpotatoes by the 
storage rot fungi just mentioned: Presence or abseiu'e of the path- 
ogene, infection and decay by other fungi, amount of inoculum, 
wounding, suberization, periderm formation, temperature, humidity, 
and time. These factors will be considered in connection with the 
varioTis diseases. A study was made also of the effect of temperature 
on the growth of Diplodia tubericola and Sclerotium bataiicola in 
culture media. The investigations were made in Washington, D. C., 
and at the Arlington Experiment Farm, Rosslyn, Va. 

REVIEW OF LITERATURE 

Rhizopus tritici and R, nigricans are unable to attack or penetrate 
(J, 11) the unbroken skin of the sweetpotato. When roots are 
wounded these fungi are able to dissolve the middle lamellae {S, 
of the cells beneath the skin, thus separating the cells and disin¬ 
tegrating the tissues. Hauman-Merck (7) found that jS. nigricaris 
{Mneor stolonijer Ehr.) was unable to pass through cork formed in 
w^ounded sweetpotato tissue. Weimer and Harter (13) showed that 
a wound periderm was an effective barrier against infection of sweet¬ 
potatoes by R. tritici. They observed periderm formation over a 
range of temperature from 19.5® to 33® C. at relative humidities 
ranging from 95 to 97 percent. A periderm was not formed at a low 
humidity (percentage of relative humidity not given). They also 
observed that suberization preceded periderm formation. 

' Received for publication Oct. 12, 1934; issued April 1935. 

“ Formerly pathologist, Division of Fruit and Vegetable Crops and Diseases. Bureau of Plant Industry. 

^ Although black rot (Ceratostometla fimbriata (Ell. and Hals.) Elliott) is a serious storage trouble, it is 
also a field disease of some importance and in this respect is distinguished from the foregoing storey 
diseases. Some of the factors affecting its initiation and development in storage have been considered in 
a previous publication (S).* 

* Reference is made by number (italic) to Literature Cited, p. 329. 
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A definite relation has been found between infection by Bhizopus 
{12) (which probably included both B. tritici and J?. nigricans) and 
relative humidity at a temperature of 23® C. 

Artschwa^er and Starrett (f)® made an extensive study of suberiza- 
tion and periderm formation as influenced by temperature, air hurnid- 
ity, and time. Their work was an outgrowth of the present investiga¬ 
tion and was run under the same conaitions and in conjunction with 
some of the infection experiments. The ran^e of temperature at 
which suberization and periderm formation took place extended from 
12.5® to 34.8® C. This lower temperature limit for cork formation is 
7® below that obtained by Weimer and Harter (75), who, however, 
did not employ temperatures between 11.2® and 19.5®. No effort was 
made to determine the upper hmit of periderm formation. In the 
Artschw^ager-Starrett experiments periderm formation took place in 3 
to 5 days at temperatures above 18® (combined with liigh humidity), 
at 18® in 6 days (not included in published data), at 14.7° in 11 days, 
and at 12.5® only after 25 days. Suberization was found to precede 
I>eriderm formation, and suberization as well as periderm formation 
was found to bo related to the percentage of humidity at wdiich the 
roots were stored. At a temperature of 12.5®, suberization and 
periderm formation were not obtained at a relative humidity below 
93 to 94 percent. At 23®, suberization was not obtained below 7() per¬ 
cent relative humidity nor periderm formation below 87 percent 
within the limit of 10 days. At 28®, suberization occurred at relative 
humidities ranging from 60 to 95 percent; periderm, however, was not 
formed within 11 days at 66 perc.ent relative humidity. It w^ill be 
seen from these data that the higher the temperature the wider wuis 
the range of humidities at which both suberization and periderm 
formation took place. 

Wounding and curing {9) have been shown to be important factors 
affecting infection of sweetpotatoes by surface rot {Fusarium 
oxysporum). 

It has been sus})octed at times that invasion and possibly infection 
by certain storage-rot organisms juay have been secondary to infec¬ 
tion and decay by other fungi. Forms of Fusarium sometimes in¬ 
vade (2) mottle-necrosis lesions caused by species of Pythium. Forms 
of Fusarium also {10) invade lesions produced by such organisms as 
Mucor racemosus Fres., Botrytis cinerea Pers., and Alternaria sp. at 
temperatures ranging from 0® to 5® C., when the infected roots are 
stored at storage-house temperatures (10® to 15®). 

At the inception of the present investigations, little information 
was available regarding the factors influencing the infection of sweet- 
potatoes by Diplodia tubericola and Sclerotium bataticola. D, tuber-- 
icola {6) had been observed to infect sweetpotatoes through wounds, 
more readily in an open than in a closed vessel, to cause infection at 
temperatures of 12.2® to 13.5® and 34® to 35® C. more readily at the 
higher than at the lower temperature, and to completely decay 
roots in 4 to 6 weeks. S. bataticola {6) had been observed to infect 
sweetpotatoes through wounds and to completely decay roots in 
3 to 6 weeks. 


•To rectify any misconception that may have arisen as a result of statements in the introduction and In 
footnote 7 of the paper here cited (/), Artschwager has submitted the following: “The Impression given 
by through the omission of a corrected statement, that our work consisted of more than a histological 
Study of the materials furnished by J. I. Lauritzen is hereby corrected.” 
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MATERIALS AND EQUIPMENT 

The Yellow Jersey (Improved) (9) variety of sweetpotato was used 
in most of the experiments and the Porto Rico and Nancy Hall 
varieties were used in a few. The roots of all three varieties were 
grown and stored at the Arlingjton Experiment Farm, Rosslyn, Va. 

In the experiments dealing with rhizopus soft rot, surface rot, and 
fusarium end rot, the sweetpotatoes were not inoculated and infec¬ 
tion depended upon the pathogenes present on the roots. In the 
Java black rot and charcoal rot experiments, as well as in the tem¬ 
perature-growth experiments, Diplodia tubericola and Sclerotium 
bataticola isolated from sweetpotatoes were used. 

The following storage space was employed in these experiments: 
Infection chambers 3 by 3 b^^ 2 feet high (Jf J), insulated rooms 8 feet in 
each dimension, and insulated cold-storage rooms 8 by 14 by 11 feet 
high. 

The desired temperatures were obtained by heating (with electric 
heating coils) either the normal air or air cooled by refrigeration, and 
the temperature was controlled by electric thermoregulators. The 
relative humidity was controlled by the use of calcium chloride or 
water in evaporating pans, and by commercial humidifiers in the case 
of two of the large rooms when a higii hiunidily was desired. 

RHIZOPUS SOFT ROT 

INFLUENCE OF TEMPERATURE AND HUMIDITY ON lNFE(VriON 
Influence of Humidity on Infection at 23° C. 

In an earlier study {1!S) on the relation of humidity to infection of 
sweetpotatoes (Yellow Jersey) by Rhizopvs at a temperature of 23° C., 
it was found that as the relative humidity fell from a range of 93 to 
99 percent to a range of 76 to 84 percent the percentage of infection 
increased from a range of 10 to 21 to a range of 88 tf) 100 and de(*reased 
as the humidity continued to fall. At relative humidities ranging 
from 48 to 53 percent the percentage of infection ranged from 23 to 
25 percent. It w'as found that a protective layer of tissue was formed 
over wounds in the uninfected roots exposed to the higher humidities 
that limited infection when these roots were stored at any of the 
humidities from 48 to 95 percent, while most of the uninfected roots 
from the lower humidities became infected when stored at humidities 
of 84 to 95 percent. In the suberization-poriderm studies of Artsch- 
wager and Starrett (I), at a temperature of 23° relative humidities 
of 49, 65, 76, 87, and 95 percent wore employed. The duration of 
storage at these humidities was 10 days. Suberization occurred at 
the 3 highest humidities only. A periderm was formed at the 2 
higher humidities but not at the 3 lower. It will be seen, therefore, 
that periderm formation takes place within the range of humidities at 
which the infection barrier was developed in the Lauritzen-Harter 
experiments {12) and without doubt is the barrier involved. (The 
humidities employed in the suberization-periderm experiments {!) 
were too limited to determine exactly the range of humidities at which 
these processes occur.) Data confirming this conclusion were 
obtained in connection with the suberization-periderm experiment 
(table 1)® of the present investigation. 

• The roots in this experiment were halved longitudinally in the same fashion as in the earlier experi¬ 
ment and were stored without inoculation. 
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Tablk 1 .—Influence of humidity at a temperature of 23° C. on suherization and 
periderm formation and on the infection by Rhizopvs of aweetpotatoes ^ during 
10 day8^ storage 

[19 roots used at each Immidity] 


Temperature (° C.) 

Relative 

humidity 

Roofs infected 

Suberiza¬ 
tion 2 

Periderm 
formation * 

23.0_ _ _ 

Percent 

95 

Nu mher 

3 

Percent 

16 

+ 

■f 

23.0.- ..-.. --- 

87 

3 

16 

+ 


23.6.. .. --- --- 

76 

19 

100 


— 

22,8 .. _ _ -- - 

! 65 

0 

0 

— 

— 

2 : 10 .. _ - 

i 49 

0 

0 




1 Tiic sweetpotatoes (Yellow Jersey Improved) were harvested Oct 0 and 7, 1927, cured for 10 days at 
temfwratures of to 29° 0 , and stored at 10° to I.*!® and a relative humidity of 90 percent from Oct 17 
to Afar. 3, 1928. 

a Plus or minus signs indicate presence nr absence of suberization and periderm formation. 


Although suberization oooufred within 4 days at a relative humidity 
of 76 percent, it did not prevent infection. Infection was limited at 
relative humidities above and absent at relative humidities below 76 
percent.. 

The fact {12) that iminrectful halved roots tirst stored at relative 
humidities below 76 percent for a period be(*ame infected when stored 
for another period at relative humidities above 84 percent (23° C\) 
indicates that the limitation of infection during the initial storage was 
at least partly due to the effect of humidity on the pathogenes. 

The foregoing data indicate: (1) That relative humidity above 7t) 
per(5ent at 23° C. is a factor favoring the development of suberization 
and periderm formation and limiting infection, (2) that suberization 
either is not an effective barrier in preventing infection at a relative 
humidity of 76 percent at 23° or it does not occur in time to exclude 
the initiation of decay, and (3) that a periderm is an effective barrier 
against infection under these conditions. 

LnFLUENCJS of lltlMJDlTY ON INFECTION AT 12° 

It was stated in an earlier report (12) that the results of one experi¬ 
ment, involving a study of the relation of humidity to infection of 
sweetpotatoes by Rhizopus at a temperature of 12° C., ‘^correspond 
with those obtained at 23°, except that the range of infection was 
shifted nearer 100 percent humidity.In the light of the results of 
later and more comprehensive experiments this statement requires 
qualification, as the apparent resistance to infection in halved roots at 
high humidities at 12° is not as definite and permanent as at 23° and 
will yield greater infection during subsequent storage, especially at 
certain relative humidities. 

Nine ^ experiments were conducted at different periods of the stor¬ 
age season during 3 years. The roots (Yellow Jersey Improved) 
were halved longitudinally with a sharp knife and stored at the 
various relative humidities (4 in each experiment) at 12° C. without 
inoculation. After preliminary storage of 9 to 11 days at the different 
relative humidities at 12° C. the roots were subjected to another period 

I nigricans (II) is the pathogene that rhizopus soft rot at a temperature of 12° 0. 

* j ^ experiinents were uncured, those used in the remaining experiments were 

cured for 10 days at a temperature ranging from 25° to 30° C. 
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of storage (11 to 34 days) at various humidities, at temperatures 
ranginj? from 12° to 15.5°. In 6 out of the 9 experiments the percent¬ 
age of infection was less during the 10 days’ preliminary storage at 
relative humidities ranging from 91 to 98 percent than at those ranging 
from 62 to 86 percent, with two exceptions (at a relative humidity of 
62 percent in one experiment and 85 percent in the other). By the 
end of the subsequent storage i)eriod the percentage of infection was 
generally less in roots initially stored at relative humidities of 93 to 98 
percent than in roots initially stored at the lower humidities. The 
percentage of infection was always less when the subsequent storage 
humidity was above 90 percent. 

The association of an inhibition of infection of sweetpotatoes by 
Rhizopus nigricans with the formation of a suberin layer at relative 
humidities of 94 to 98 percent indicates that suberization is a factor 
limiting infection; however, it is not so effective a V>arrier as is a peri¬ 
derm. If periderm formation played a part in inhibiting infection at 
these humidities, it w^as only during the latter part of the storage 
period. 

The failure of a suberin or periderm layer to form on w^ounded 
surfaces at the lower humidities explains the heavy infection in roots 
exposed under these conditions. If the relative humidity becomes low=^ 
enough to limit infection, the inhibition is removed as soon as the roots 
exposed to such humidities are stored at the higher humidities (above 
90 })ercent). This fact will become more evident from the results to 
be discussed presently. 

In roots initially stored at a relative humidity of 93 to 97 per(‘ent 
at 12° followed by subsequent storage at 12° to 15° and various 
relative luunidities, the percentage of infection was lower in the 
experiments started in the early part of the season (before Dec. 22) 
than in those started later. Earlier results (11) show" that Rhizopus 
generally is less abundant on the roots early in the storage season than 
later and that freshly dug potatoes become infected as readily as old 
ones when the}^ are inoculated by dipping in a w ater spore suspension. 

lNFLrF:NCE OF HiGIl HUMIDITIES ON INFECTION AT 12® TO 36.5° C. AND OF 
Different Humidities at 12° 

Data were obtained from two experiments in which longitudinally 
halved, cured and uncured roots (Yellow^ Jersey) were initially and 
subsequently stored as indicated in table 2. 

With the exception of 2 percent infection at 31° C. during the 
initial storage period, there was no infection by Rhizopys at any of the 
temperatures from 22° to 31° during either the initial or the subse¬ 
quent storage periods. The results at the various humidities at 12° 
are similar to those already discussed. It should be noted that when 
storage was continuous at relative humidities of 96 and 97 percent 
the infection remained relatively small (5 and 17 percent) throughout 
the experiment, whereas in roots initially stored for 11 days at 96 to 97 
percent relative humidity and subseqiiently for 20 days at relative 
humidities of 80 and 83 percent the percentage of infection w as rather 
high (80 and 40 at 83 and 80 percent relative humidity, respectively). 
The percentage of infection, how^ever, was not so high as in roots 
originally stored at relative humidities of 82 to 83, 73 to 80, and 60 to 
67 percent, in which it reached 100 percent by the end of 10 days’ 
final storage at 96 to 97 percent relative humidity. 
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Table 2.—Influence of temperature and relative humidity on infection of sweety- 

potatoes by Rhizopus ^ 


Initial 11 days’ storage 


Subsequent storage • 


1 With the exception indicated in footnote 3, the results given m this table are totals of 2 exjieriments 
The sweetpotatoes were harvested Oct. 11, 1928 Experiment 1 was started immediately with uncured 
roots, experiment 2 was started Oct. 23, after 12 days’ curing of the roots at 21° to 23° C. 

2 The numbers in this column at temfieratures from 15 6° to 31° that do not corraspond to the original 
numbers are instances in which the roots were removed from the experiment at the end of the preliminary 
storage period. 

J Two lots of the roots originally stored at 12° C. and 97 percent relative humidity were stored subse* 
cpiently at relative humidities of 80 and 83 jiercent, respectively 


There was some Rhizopus mfeetion in roots stored continuously at 
a temperature of 15.5*^ C. It would seem that at this temperature 
there was a race between wound-periderm formation and infection. 
While Artschwager and Starrett (i) found periderm formation in one 
instance at 14.7° and 94 percent relative humidity in 11 days, it was 
not found in another case at 15.7° and 92 percent relative humidity 
in 10 days. 

Another experiment was run (table 3) in which halved roots w^ere 
first stored for a period of 10 days at a range of temperatures from 
12° to 36.5° C. combined with high humidities at each temperature 
and a range of four humidities (from 68 to 96 percent) at 12°. After 
this period of initial storage, four lots of the uninfected roots from 
each of these combinations of temperature and humidity were stored, 
respectively, at relative humidities of 95, 82, 78, and 68 percent at 
12° for ensuing periods of 10 and 20 days. 

By the end of the preliminary storage period, 5 percent of the roots 
stored at 36.5° C. and a relative humidity of 96 percent and 2 percent 
of those stored at 22° and a relative humidity of 95 percent liad be¬ 
come infected by Rhizopus (table 3). There was no infection between 
22° and 36.5°, during either the initial or the subsequent storage 
periods. There was infection at 15.5° during the initial storage and by 
the end of 20 days of final storage at the three lowest humidities at 12°. 

Some resistance to infection was built up in the roots stored origi¬ 
nally at 12° C. and a relative humidity of 96 percent and it was mam- 
taine4 more strongly when the storage was continued at that temper¬ 
ature with approximately the same relative humidity than with 
lower humidities. All the roots originally stored at the 3 lowest 
huHiidities became infected after a period of further storage at 12° 
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and 95 percent relative humidity. Some of the roots from each of 
these 3 relative humidities remained iininfected when stored at a 
relative humidity of 68 percent, some of those originally stored at the 

2 lowest humidities remained uninfected when stored at a relative 
humidity of 78 percent, and some of those originally stored at the 2 
lowest humidities remained uninfected during the final storage at the 

3 lowest humidities. More of the roots originally stored at 81 per¬ 
cent relative humidity became infected during the entire period of 
storage than roots from any of the other initial humidities. In this 
experiment temperature and humidity as they affect the host and 
humidity as it affects the pathogene become factors in the infection 
and decay of sweetpotatoes by Rhizopus. Wlien temperature and 
humidity were such as to favor suberization and periderm formation 
(12^ to 36.5° combined with high humidities), infection was limited 
because of the difficulty or inability of the pathogene to penetrate the 
suberized or periderm layers. 

Infection at relative humidities of 68 and 78 percent at 12° C\ was 
less during the initial storage period than at 81 percent relative hu¬ 
midity and remained less during subsequent storage periods at rela¬ 
tive humidities of 68 and 78 percent. In the absence of suberization 
and periderm formation to inhibit infection at humidities of 68 and 
78 percent, it would seem that it was the effect of humidity on the 
pathogene that limited infection during the initial storage, because 
when more moisture (at 95 percent relative humidity) was added to 
the environment the pathogene {Rhizopus nigricans) was able to 
initiate infection and decay. 

Influence of Humidity on Jnfei:tion at 28*^ to 29" C. 

Seven experiments were run during three storage seasons (1928 29, 
1929-30, and 1930-31) in which roots halved longitudinally were 
stored at 5 relative humidities in each experiment (except one in which 
there were only 4 relative humidities) at temperatures of 28° to 29° C. 
for a period of 10 days, and subsequently at temperatures from 10° to 
16° at various relative humidities for another period of 19 to 31 days 
(table 4). 

The results differed somewhat in the various experiments, for which 
reason they are submitted in detail. The factors that may have 
played a part in producing this variation were (1) the amount and 
uniforniity of inoculum present, (2) the number of roots used, and (3) 
the variation of the subseqxient storage. 

The relation of relative humidity to infection was less definite in 
experiments run early in the season (experiments 2, 3, and 4) tlian 
in those run later, with the exception of experiment 5. In this latter 
case the number of roots used was too small to give an accurate 

E icture of the effect of humidity on infection. The low relative 
umidity of the subsequent storage in experiments 4 and 5 may have 
played a part in producing the rather large percentage of infection 
in roots initially stored at a relative humidity of 96 j)ercent. It has 
been observed that halved roots, healed over at high humidities, some¬ 
times crack open in tlie wounded areas when they are subjected to 
storage at low humidities. Such wounds may give rise to new infec¬ 
tions. If the results of the seven experiments are assembled and 
averaged in accordance with the initial storage humidities (table 5) 
it will be seen that there was a fairly definite relation between the rel- 
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ative humidity and the percentage of infection. Barring certain 
exceptions, the percentage of infection tended to increase with the 
lowering of the relative humidity. These results indicate that infec¬ 
tion is inhibited over a fairly wide range of humidities at a temperature 
of 28° to 29° C. as a result of wound healing and that the percentage of 
infection is induenced by tlie rate of healing. 

Table 4. —Influence of relative humidity on infection of sweetpotatoes hy Rhizopus 

at 28° to 29° C.i 


Kv 


Initial 10 days' storage 

Subsequent storage 










pen- 

inent 

J >ates 

Tern- 

Rela¬ 

tive 

Roots 

Roots 

Tem- 

Rela¬ 

tive 

Dura- 

Roots 

no 


ture 

humid¬ 

ity 

us«*d 

infected 

ture 

humid¬ 

ity 

tion 

infected 



0 

Percent 

IVuniher 

■ 

Percent 

0 

Percent 

Puysf 

Percent 



1 29 

9.6 

20 

0 

10 

84 

19 

0 



29 

91 

21 

0 

10 

84 

19 

0 

1 

Fob 12 Mar 1.1, l‘J2V» 

{ 2>9 

83 

20 

.6 

10 

84 

19 

.6 



29 

74 

18 

0 

10 

84 

19 

11 



1 29 

on 

19 

0 

10 

84 

19 

20 



2S 

90 

10 

0 

1,6 .6 

87 

31 

0 



2S 

90 

10 

0 

1.6. .6 

87 

31 

0 

2 

Oct. Jl-Nov 21. H)2<) . . , 

28 

78 

10 

20 

1.6 5 

87 

31 

20 



28 

09 

10 

0 

1,6.5 

87 

31 

0 



1 28 

.69 

10 

10 

1,6. ,6 

87 

31 

10 



j 28 

98 

40 

0 

1.6 ,6 

84 

24 

0 

3 

Oct IF Nov. 11, 19 : 10 ... 

28 

28 

84 

74 

40 

40 

2 5 

0 

1.6 ,6 
1,6. .6 

84 

84 

24 

24 

65 

0 



1 28 

72 

40 

0 

1,6 .6 

84 

24 

40 



29 

90 

10 

0 

16 6 

68 

31 

.60 



29 

90 

10 

20 

15.6 

.68 

31 

20 

4 

Oct 26 Dec 6, 1929 

29 

87 

10 

0 

1,6 .6 

.68 

31 

0 



29 

71 

10 

2»0 

1.6 .6 

.68 

31 

20 



1 29 

0.1 

10 

0 

15 .6 

.68 

31 

0 



j 2>9 

90 

0 

3,1 

13 

,60 

22 

.60 




89 

0 

17 

13 

.60 

22 

17 

6 

Jan 2.1 Fell 24, 19.10 

{ 28 ! 

78 

0 

17 

13 

.60 

22 

17 



28 

09 1 

0 

17 1 

13 

.60 

*22 

17 



1 2»8 

02; 

0 

17 

13 

.60 

22 

17 



1 i 

\M» 

80 

i 2 .6 

16.6 

92 

21 

2 6 



28 

88 

80 

.6 0 

15.6 

92 

21 

0 0 

f) 

Jan 21 Feb 21. 19:il 

28 

78 ! 

80 

:i4.0 

16. .6 

92 

21 

:i4 0 



28 

72 I 

80 

64 0 

16 6 

92 

21 

0<*».0 



1 29 1 

02 

80 

60 0 

1.6 ,6 i 

92 

21 

76 0 



2S 5 

90 

80 

30 

in 1 

92 

20 

30 



28 r> 1 

89 

80 

20 

10 

92 

20 

21 

7 

I\*h 3 Mar 6, 1031 . 

28 0 

77 

80 

48 

10 

92 

20 

.60 



2S 0 

72 

80 

0.J 

10 

92 

20 

73 



1 2^1 0 

02 

80 

,63 

1 

92 

20 

00 


* Orifiirod roots wen* used in evperinients 2 and 3, and cure<l roots m the others. 


Table 5.- -Influence of relative humidity on infection of sweetpotatoes by Rhizopus 
at 28° to 29° C., as based on data in table 4 


Relative 

humidity 

Roots 

used 

Roots infected j 

During initial 
storage 

During initial and 
final storage 

Percent 

\nmber 

N u mber 

Percent 

Nwrwfeer 

Percent 

95 98 

240 

33 

13 

39 

16 

88-91 

207 

23 

11 

26 

12 

83 87 

70 

2 

3 

23 

33 

74-78 

234 

08 

29 

72 

31 

m-Ti 

220 

97 

43 

130 

68 

.69-00 

20.6 

97 

47 

116 

60 


INFLUENCE OF TYPES OP WOUNDING ON INFECTION BY RHIZOPUS AT DIFFERENT 
TEMPERATURES AND HUMIDITIES 

During the seasons 1928 29 and 1929 30, four experiments were 
conducted in which sweetpotatoes (Yellow Jersey) were subjected to 
10 different types of wounding and stored without inoculation at 15 
combinations of temperature and relative humidity (tables 6 and 7) 
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for a period of 10 days and then stored at a common temperature 
and relative humidity for another period. The temperatures and 
relative humidities of the subsequent storage period were as follows: 
Experiment 1, 10° C. and 84 percent relative humidity; experiment 
2, 15.5° and 87 percent; experiment 3, 15.5° and 58 percent; and 
experiment 4, 13° and 67 percent. The duration of the subsequent 
storage was 19, 31, 31, and 21 days, respectively. The number of 
roots stored at each initial combination of temperature and humidity 
in each experiment was from 5 to 20, but in most cases 10. In three 
of the experiments the roots were cured and in one they were not. 


Table 6 . —Influence of 10 types of wounding on infection of sweetpotatoes by 
Rhizopus at different temperatures and humidities during 10 days' storage ^ 


Percentaue a of roots infecteci nt indicated temperatures (* Cabove) 
and relative humidities (percent, below) 


Type of wounding * 


Bruised tip .. 

Bruised aide.. 

Broken tip.. 

Cross section tip... 

Cross section medium. 

Cross .section half. 

Longitudinal section shallow.... 

Ixmgitudinal section medium. 

Longitudinal .section half. 

Skinned. 


35-37 

31 32 1 

28-29 

25 

21-22 

19-21 1 

15-16 

12 

91-95 

88-95 

95 96 

91-94 

91 94 

89-93 

89-95 

93-98 

8.6 

11.4 

8 0 

11.4 

46 0 

35. 3 

37. 1 

1 40 

19.4 

5 7 

4 0 

23 0 

42 9 

40 0 

28 6 

1 45 

2 8 

0 

4.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 9 

0 

0 

0 

0 

0 

0 

0 

0 

2 9 

0 

0 

0 

6 7 

0 

0 

0 

2.5 

5. 

2 9 

0 

0 

0 

2 9 

0 

0 

0 

0 

U 

0 

0 

0 

0 

0 

0 

4 0 

0 

0 

16.0 

0 

0 

1 24.0 

13 

0 

0 

0 

0 

0 

0 

0 

0 


Percentage * of roots infected at indicated temperatures (®C , above) and 
relative humidities (percent, below) 


Type of wounding * 


Bruised tip.. 

Bruised side.-. . . _ 

Broken tip.. 

Cross section tip.. 

Cross section medium_ 

Cross section half.. 

Longitudinal section shallow 
Longitudinal section me¬ 
dium.. 

Longitudinal section half_ 

Skinned. 


2S-29 

95-96 


8 0 
4 0 
4 0 
0 
0 

f) 7 
0 

0 

U 

0 


28-29 

28-29 

28-29 

28-29 

12 

12 

12 

12 

90-91 

78-83 

69-74 

59-66 

93-98 

84-86 

70-77 

62-65 

0 0 

0 0 

0 0 

0 0 

40 0 

5 7 

0.0 

2 9 

8 3 

24 0 

0 

4 0 

45 7 

51.4 

45 7 

20 0 

0 

4.0 

0 

0 

0 

0 

0 

0 

4 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 7 

0 

0 

0 

0 

6.3 

0 

5.0 

20 0 

15 0 

2 5 

0 

0 

0 

0 

0 

2 9 

0 

0 

0 

0 

0 

0 

0 

14 3 

6.0 

0 

4.9 

7.6 

5.1 

2.6 

13 7 

24 0 

1 34.0 

26 5 

0 

0 

0 

0 

0 

0 

0 

0 


» The r^ults gi ven in this table were obtained from 4 experiments in each of which from 6 to 20 roots (10 
» ^wounding and for each combination of temperature and 

humidity. The experiments were started Dec. 22, 1928, and Feb 12, Oct 11, and Oct. 25, 1929, Cured 
roots were used in 3 experiments and uncured roots in 1. 

2 For definitions of tyjies of wmunding see text below, 
s The xiercentages are based on from 35 to 60 roots 


A description of the various types of wounding follows. (1) One end 
of the roots was tapped on a laboratory desk, bruising the tissue from 
5 to 10 mm deep (bruised tip). (2) The roots at their thickest diameter 
were struck on the rim of a wire basket, thus bruising the root tissue 
to a depth of about 5 to 8 mm (bruised side). (3) One tip end of the 
roots was broken off with the fingers at a point where the root was 
about 7 to 10 mm in diameter (broken tip). (4) One tip end was cut 
off with a sharp knife back from the tip where the root was about 7 to 
10 mm in diameter (cross section tip). (5) The roots were cut in cross 
secUdi^ about midway between the one tip end and the thickest diam** 
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eter of the root, and the larger portion was stored (cross section 
medium). (6) The roots were halved with a sharp knife in cross section 
(cross section half). (7) A small slice, about 1 to 1.5 cm in diameter, 
was cut from the side of the root between the skin and the outer vas¬ 
cular tissue (longitudinal section shallow). (8) A slice was taken from 
the side of the root to a depth of about one-fourth of its diameter 
(longitudinal section medium). (9) The roots were halved with a 
sharp knife longitudinallv (longitudinal section half). (10) The roots 
were skinned in 2 to 3 places (the number of skinned areas on a root 
was the same in a given experiment) in areas from 8 to 10 mm in 
diameter (skinned). 


Tablk 7. —Influence of further storage at 10° to 15.5° C. and relative humidities of 
58 to 87 percent on infection by Rhizopus of the roots discussed in connection with 
table 6 ‘ 


of woumlinn 


Bruised lip . 

BruistHl side . . _ . . 

Broken tip 
Cross section tip 
Cross section medium 
Cross section half. . . 
LonKitmliiml section shallov^ 
LonRitiidinal section medium 
Loiifutudinal section half.... 
Skinned. 


I Percentage 3 of riKits infected as related to indicated initial tempera¬ 
tures (*(' , alKive) and relative humidities (jiercent, below) 


S.'VST 

31-32 

28-29 

2.5 

21-22 

19-21 

1.5-10 

12 

91 95 

8tM15 

9.5 90 

91-94 

91-94 

89-93 

89-95 

i 

93-98 

8.0 

11 4 

8.0 i 

11 4 

40 0 

35, 3 

40 0 

4.5,7 

19 4 

5 7 

4 0 

23 0 

42 9 

40.0 

28 0 

45 7 

K 3 

0 

4.0 1 

0 

0 

0 

8 0 

2 9 

0 

0 

0 

0 

0 

2.9 

0 

0 

0 

0 

0 1 

0 

0 1 

0 

.5.7 

8.6 

2 5 

0 

10 0 

0 

0 

0 

5 0 

20 0 

2 9 

0 

^ i 

0 

2.9 1 

0 

0 

0 

5 5 

0 

0 1 

0 

2 7 1 

0 

5.7 

8.6 

« U 

0 

12 5 

18.0 

2 0 1 

2.0 

40 0 

.56 9 

3 3 

0 

0 1 

1 

0 

" 1 

0 

J 

0 i 

!_ 

0 


PeicpiitHge * of roots infected as related to indicated initial temjieratures 
, above) and relative humidities (percent, below) 


T.\ pe of wounding! 


Bruised 1 1 {)_ 

Bruised side___ 

Broken tip 

Cross section tip . . 

Cross section medium 
Cross se<‘tion half - - 

Longit tidinal sect ion shalUm 
Longitudinal section iiie- 

diuin .... 

Longitudinal section half . 
Skinned... . 


2.S 29 

28 29 1 

i 28-29 

28-29 

' 28-29 

12 

12 

12 

12 

95 -90 

9tMM i 

1 

j 78-83 

69-74 

.59-00 

93-98 

84 86 

70-77 

62-05 

8 0 

1 

8 3 

0 0 

0 0 

0 0 

45 7 

I 14 3 

0.0 

2 9 

4 0 

S 3 

24 0 

0 

4 0 

4.5 7 

.54. 3 

54 3 

40.0 

4 0 

0 

4 0 

0 

0 

2 9 

8 6 

0 

2 9 

0 

4 2 

0 

0 

0 

1 0 

0 

0 

0 

0 

0 

0 

0 

4 0 

8,6 

2.5.7 

34 3 

28 9 

10 0 

0 

0 

9 4 

0.7 

20 0 

47.5 

67. 5 

47.5 

0 

0 

0 

0 

0 

0 

11.4 

16 7 

2.9 

0 

0 

0 

0 

4 0 

8 6 

34.3 

47 5 

28.0 

12.5 

4.9 1 

7 5 

10.3 

15 4 

56 9 1 

72 0 1 

98.0 j 

84.0 

0 

0 

1 

0 

0 

0 

0 

10 0 

3 3 

0 


I I'he results given in this table were obtained from the 4 experiments discussed in connection with 
table 7. The duration of the storage subsequent to the initial 10 days’ storage was 19,31,31, and 21 days, 
respectively. Values are total percentages of infection for initial and subsequent storage periods combined. 
* Based on 35 to 50 roots. 


The results from the four experiments on the presence or absence of 
infection were so similar that it was decided to combine them in order 
to simplify the presentation of the data. There was some variation 
in the percentage of infection under given conditions in a given experi¬ 
ment but not sufficient to alter the general relations found. Table 6 
shows the percentages of roots infected in the four experiments at the 
end of the initial period of storage, and table 7 shows the percentages 
of infection for the initial and subsequent stor^e periods combined. 

The data of tables 6 and 7 reveal marked differences in the percent¬ 
age of infection as correlated with the type of wounding. During the 
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initial storage period at the various temperatures (combined with high 
humidities) infection was more consistently present in roots bruised at 
the tip and in those bruised at the side. By the end of the ensuing 
storage period the same was true in roots bruised at the tip, in those 
bruised at the side, and in those halved longitudinally. Infection was 
more uniformly present in roots with l)ruised tips and in roots with 
bruised sides than in roots halved longitudinally. Bruising inter¬ 
feres with healing (13) more than do the other types of wounding, and 
hence favors heavier infection. The higher percentage of infection in 
halved roots than in the other types of wounding, except bruising, is 
believed to be due to the greater area of wounded tissue. No infection 
by Rhizopus occurred on the skinned roots during the initial period of 
storage and very little during the ensuing period. There was either no 
infection or the percentage was relatively small on roots cut in cross 
section at the tip or broken tip either during the ])reliininary or subse¬ 
quent storage. In general, the greater the extent of wounded area in 
cut roots the greater the percentage of infection. There was very little 
change in the percentage of infection following the initial storage in 
roots bruised at tip or side and originally stored at temperatures from 
12° to 35° to 37° C. combined with high humidity. Jn the case of 
roots bruised at tip or side the percentage of infection was higher at 
temperatures ranging from 12° to 22° (combined with high humidity) 
than at temperatures above 22° at the end both of initial and of final 
storage. The initial storage at temperatures of 12° to 16° and high 
humidities generally yielded more infection (table 7) by the end of the 
final storage period in some of the types of wounding (cross section 
inedium, cross section half, longitudinal section medium, and longitu¬ 
dinal section half) than did the initial storage at temperatures from 
19° to 37°. Although generally there was little infection at any of the 
temperatures and humidities during either the initial or ensuing 
storage periods, in roots subjected to types of wounding designated as 
broken tip, cross-section tip, and longitudinal section shallow, it will 
be seen later that temperatures from 12° to 16° were critical in these 
roots as well as in roots subjected to the other types of wounding. 

These results show that temperature combined with high humidity 
limited infection more in cut surfaces than in bruised tissue. In the 
former case cork formation was free to proceed at its normal rate, and 
above 15° to 16° C. this was sufficiently rapid to intercept most of the 
infection. At 16° and below, the rate of cork formation was retarded 
enough to permit of infection (in roots with the larger cut areas), 
which generally increased in percentage (tables 6 and 7) wdth the 
lowering of the temperature. The infection rate and the cork-forma¬ 
tion rate curves cross somewhere bet\vecn temperatures of 15° to 16° 
and 19° to 21°. In bruised tissue healing was inhibited and infection 
took place more or less readily at all the temperatures. The bruised 
tissue, in addition to interfering with healing, forms an excellent matrix 
r ^ the pathogenes (Rhizopus nigricans and R, tritici) to establish a 
foothold in the host tissue. The fact that temperatures above 22° and 
at 28 to 29°, irrespective of humidity, tend to limit infection indicates 
the possibility that some suberization and periderm formation occur 
m bruised tissue at these temperatures. A periderm ® has been ob- 
served to oc cur in bruised tissue at temperatures of 25° and 29°. 
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In these experiments (tables 6 and 7) there was little relation 
between infection and relative humidity at 28® and 29® C., except 
possibly in roots halved longitudinally, by the end of the final storage 
period. Barring the rather high percentage (12.5 percent) of infec¬ 
tion at relative humidities of 95 to 90 percent, there was an increase 
in the percentage of infection with lowering of the relative humidity. 
Whether the exception was accidental and associated with insufficient 
numbers to iron out individual variations or whether such high humidi¬ 
ties at 28® to 29® are peculiarly favorable to the activities of the 
pathogenos is not known. Such exceptions have occurred in a num¬ 
ber of experiments, but in others there has been no infection at all 
at this liumidity. This tendency for the percentage to increase with 
the lowering of the relative humidity is correlated with the increase 
in time reciiiircd for cork formation to take place with the lowering 
of the relative humidity. It would seem that the chances of infec¬ 
tion are greater and those for complete healing less in longitudinally 
lialved roots than in the other cut surfaces because of the greater 
wounded area of the fonner. The chances for complete healing might 
well decrease to a greattu* extent in the larger than in the smaller 
wounds with the lowering of the humidity. Infections would then 
be expected to increase with lowering of humidity provided the 
humidity of the ensuing storage did not too greatly inhibit the 
activities of the ])athogenes. When the cut surfaces are limited, 
especially in cross section tip and cross secjtion medium, and in 
longitudinal sectio?is shallow and medium (tables (> and 7), it appears 
that temf)eratures of 28® to 29® are sufficiently favorable to healing 
to more than counterbalance the retarding eflect of an unfavorable 
humidity. 

Arfsciiwager and Starrett (/) obtained siiberization at 28° C. at 
relative humidities of 73.5, 82.7, 90.6, and 95 percent within 48 hours 
and periderju formation at relative humidities of 90.6 and 95 percent 
within 96 hours, at 82.7 percent within 120 hours, and at 73.5 percent 
within 144 hours. At 66 percent relative humidity, suberization oc¬ 
curred in 6 days but no periderm was formed within 11 days. This 
humidity, as well as that of 73.5 percent, probably has some effect on 
the ])athogenes inhibiting infection during the initial storage period, 
and since suberization occurred by the end of 6 days it is probable 
that its formation and a possible later formation of periderm may 
have limited infection during the subseejuent storage period. 

In roots stored at the various relative humidities at 12® C. the 
different types of wounding had a marked influence on the amount 
of infection. During the initial storage period rather heavy infec¬ 
tion occurred in roots that had been bruised at tip, bruised at side, 
or halved in cross section or longitudinally. During the ensuing 
storage period the percentage of infection increased (piite definitely 
with the extent of wounding in cut surfaces, no infection occurring 
in the cross-section-tip type and the percentage remaining compara¬ 
tively small in the longitudinal-shallow type. The percentage of 
infec.tion was also relatively small in skinned roots and in roots with 
broken tips. In the tvpes of wounds, aside from roots bruised at 
tip and cross section tip (table 7), the two extremes of relative hu¬ 
midity at 12® C. (93 to 98 and 62 to 65 percent) generally limited 
infection more during the final storage period than did the adjacent 
intermediate humidities (84 to 86 and 70 to 76 percent). This 
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tendency was also present during the initial stopge (table 6) when¬ 
ever infection occurred. The factor limiting infection at relative 
humidities from 93 to 98 percent was probably suberization and 
possibly periderm formation during the latter part of the final storage 
period. At 62 to 65 percent humidity there was a horny layer 
formed over a cut surface that tended to limit infection unless the 
roots were subsequently stored at high humidity (above 90 percent). 
The relative humidities employed during the subsequent storage 
were 58, 67, 84, and 87 percent. 

CONCLUSIONS 

The following conclusions may be drawn in regard to the effects of 
temperature, humidity, types of wounding, suberization, and periderm 
formation on infection of sweetpotatoes by Rhizopus. (1) Since 12° 
C. is near the lower temperature limit for suberization and periderm 
formation and since these processes apparently occur only at relative 
humidities between 90 and 100 percent (10 and 11 days were required 
for suberization to take place at 12° and a relative humidity of 94 
percent and 7 days at 96 percent, and the shortest period at which 
periderm formation was observed to occur at this temperature was 
25 days), infection by Rhizopus takes place readily at this tempera¬ 
ture. (2) Since suberization and periderm formation take place more 
rapidly as the temperature is raised above 12° to at least 32°, infection 
by Rhizopus tends to be limited with the rise in temperature within 
the limits specified. It has been shown by earlier work {11) that as 
the temperature is raised above 33° infection takes place more readily 
and occurs even in unwounded roots. The factors involved in this 
increased infection have not been determined. Whether the slowing 
up of the healing processes at temperatures above 32° is a factor in 
increased infection is not known. (3) Humidity is more of a limiting 
factor in infection at 23° than at 28° and 29° because if its effect on 
suberization and periderm formation. (4) Bruising, because of its 
effect on suberization and periderm formation, permits of infection 
fairly readily at most of the temperatures (within the limits of those 
discussed) and at most humidities except at 28° to 29°, where there 
was some irregularity of infection at the various relative humidities. 
(5) Infection is correlated more or less with the extent and degree of 
wounding. (6) While low humidities at temperatures of 12° and 23° 
inhibit infection in freshly wounded roots because of their effect on 
the pathogenes, infection takes place readily when the roots are 
returned to humidities above 90 percent. 

SHRIVELING, SUPERFICIAL GROWTH OF PENICILLIUM, AND 

INVASION OF WOUNDED AREAS OF SWEETPOTATOES BY CER¬ 
TAIN FUNGI AS RELATED TO HEALING, TEMPERATURE, AND 

HUMIDITY 

In connection with the Rhizopus studies, observations were made 
on the effect of 10 days^ initial storage of wounded sweetpotatoes at 
different temperatures and relative humidities on shriveling, super¬ 
ficial growth of Penicillium, and invasion of wounded areas by certain 
fungi during 47 days of subsequent storage at 10° C. and 84 percent 
relative humidity. The observations were made on the following 
types of wounding: Longitudinal shallow, longitudinal medium, 
longitudinal half, cross section medium, and cross section half (table 8). 




Table 8.— Shriveling^ superficial growth of Penicillium^ and invasion by certain fungi in wounded sweetpotatoes initially stored for 10 daysai 
different temperatures and relative humidities and subsequently for 4^ days at 10° C. and 84 percent relaiive humidity 
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Temperature durm^ the initial storage period was a factor affecting 
shriveling, largely, it is believed, because of its influence on suberiza- 
tiou and periderm formation. At temperatures of 22° C. and above 
(combined witn high humidity) there was less shriveling than at 12°, 
15°, and sometimes 19° (combined with high humidity), although the 
saturation deficit was smaller at these temperatures than at the higher 
temperatures. 

Data taken from the experiments under discussion show that suberi- 
zation and periderm formation take place in a shorter time at temper¬ 
atures from 22° to 32° tlian at 19° C. and below. Considerable evax^o- 
ration of moisture probably took place at the lower temperatures 
before suberization and periderm formation occurred. There was a 
tendency for the number of roots showing shriveling to increase with 
the lowering of the relative humidity at 29°. This increase in shiivel- 
ing was correlated with the lowering of the relative humidity and the 
corresponding increase in time required for suberization and periderm 
formation. IVacticaUy all the roots, irrespective of the type of 
wounding, showed sunken areas or shriveling at all the relative 
humidities at 12°. 

The presence of Penicillivm and infection were closely associated 
with conditions of temperature and relative humidity during initial 
storage favoring shriveling—conditions that either retarded or did 
not permit of suberization and i>eriderm formation. 

Out of 156 isolations juade from infected roots, 47.4 percent yielded 
Penicillium, 21.8 percent Fusariurn^ 5.8 percent unidentified fungi, 
3.9 percent Alternaria, 1.9 percent Botrytisy and 19.2 percent were 
sterile. Temperature and humidity did not seem to influence the 
occurrence of any of those fungi directly or independently of their 
effect on healing and shriveling. These fungi, except perha^is Fusarium^ 
normally are not active sweetpotato pathogeiies but invade wounded 
tissue left unprotected by lack of suberization and periderm formation. 

SURFACE ROT 

METHOD OF INFECTION 

Infection of sweet])otatoes with surface rot {Fusarium oxysporuin) 
lakes ])lace chielly through liroken secondary roots, sprouts, and 
wounds jiroduced by skinning. Wounds deeper than those made by 
skinning, if not properl.y liealed, usually give rise to other types of 
decay. Infection through secondary roots generally occurs in freshly 
dug and improperly cured roots. Infection through siirouts is less 
freijuent and probably occurs only when the sprouts are broken off, 
injured, or killed in some way. 

HEl,ATION OF WOUNDING, TEMPERATURE. AND HUMIDITY TO INFECTION IN CURED 
AND UNCIJRED SKINNED SWEETPOTATOES 

Four experiments were conducted during 2 seasons (1928-29 and 
1929 30) in which sweetpotato roots (Yellow Jersey Improved), 
skinned in 2 or 3 places (skinned areas about 8 to 10 mm in diameter), 
were stored at different temperatures and relative humidities for 10 
days and subsequently stoi’ed at a common temperature and relative 
humidity for varying jieriods of time. 

The results of all 4 experiments were so similar that the data from 
only 2 are presented (table 9). In one of these experiments, roots 

The dei^eo of shriveling noted was only estimated, except where the depth of the shrinkage is given, 
and must therefore be regarded as only roughly approximate. 

128001—35-2 
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taken directly from the field and skinned without curing were stored 
at the various initial temperatures and relative humidities; in the 
other experiment, tlie roots were cured for 10 days at a temperature 
of 21° to 24° C. and a relative liumidity varying from 52 to 82 per¬ 
cent, and were subsequently stored at a temperature of about 10° 
to 15° and a relative liumidity of about 73 percent for 115 days before 
skinning and initial storage. The initial and subsequent storage 
temperatures and relative humidities are given in table 9. 

In addition to dealing with the relation of skinning to infection in 
cured and uncured roots, the results recorded in table 9 contain 
data on unskinned uncured roots that are discussed later (p. 303). 

With the exception of the infection that occurred at a temperature 
of 25° C. and 91 percent relative humidity, there was no infection 
in uncured skinned roots initially stored at teniperatures from 21° to 
36.5° combined with high humidity. The writer has no explanation 
for the heavy infection at 25°. One infection occurred at this tem¬ 
perature in i of the other 3 experiments, but none occurred in the 
other 2 experiments. There was an increase in the jiercentage of 
infection as the temperature was lowered from 21° to 12°. 

At a temperature of 28° 0. infection occurred at relative humidities 
of 59, 69, and 78 percent; the lower the humidity the higher was the 
percentage of infection. No infection occurred at this temperature 
at relative humidities of 90 and 96. At a temperature of 12° a high 
degree of infection occurred at all the relative humidities. Although 
it was lower at relative humidities of 86 and 93 percemt than at 65 
and 75 percent, this difference involved the absence of infection in 
only one skinned area at each humidity. 

Table 9. —Effect of temperature and humidity during 10 days' storage of skinned 
and unskinned uncured roots and skinned cured roots on the develop?nenl of surface 
rot (Fusarium oxysporum) during 154 days' subsequent storage at 15,5° C. and 
87 percent relative humidity in the case of uncured roots and 58 days' subsequent 
storage at 10° and 84 percent relative humidity in the case of the cured roots * 

UnrurH roots 1 Ctireri roof^ (skinned> 



\ 10 unskinned and 6 skinned uncured and 10 skinned cured roots were stored at each temperature. The 
skinned uncured roots were each skinned in 2 places, and the skinned cured roots were each .skinned in 3 
pl^es. In a few instances roots were removed from the experiments following the initial storage because 
of decay by Rhizopus. 
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The results obtained from cured and uncured skinned roots (table 
9) corresponded closely. The percentage of infection at 29° C. and 
74 percent relative humidity was less in cured roots (6 percent) than 
lit 28° and 78 percent relative humidity in uncured roots (40 percent). 
In the third experiment (notin table 9), involving relative humidities 
of 03, 71, 82, 90, and 96 percent at 29°, infection occurred only at a 
relative humidity of 63 percent. It will be seen, therefore, that there 
is some variation in infection at the various humidities at 28° and 29°. 
The results, however, are consistent in shovdng that the lower rela¬ 
tive humidities involve a greater hazard for infection. 

The results of the four experiments at a temperature of 12° C. show 
heavy infection, ranging from 83 to 100 percent of the wounded areas 
at all four humidities. There was no consistent relation of infection 
to the relative humidity at 12°. 

RELATION OF TEMPERATURE AND HUMIDITY TO NORMAL INFEC'.TION IN UNCURED 

SWEETPOTATOES 

One experiment was conducted in which uncured unskinned sweet¬ 
potatoes were stored at harvest time at 15 different combinations 
of temperature and relative humidity (table 9) for 10 days and 
then stored at a common storage temperature of 15.5° C. and a 
relative humidity of 87 percent for 154 days. The roots were care¬ 
fully selected for their freedom from wounds and other defects. 
Most of the infections occurred through broken secondary rootlets, 
some through slight abrasions of the skin, and some through sprouts. 
The results correspond closely with those obtained in roots artificially 
skinned Ix'fore being exposed to the initial temperatures and humid¬ 
ities. No infection occurred in roots initially stored at temperatures 
ranging from 25° to 36.5° C^. There was a tendency for the percent¬ 
age of roots infected, as well as the average number of lesions per 
root, to increase with the lowering of the temperature (combined with 
high humidity) from 25° to 12°, although infection was heavier at 21° 
than at 19°. Again, there was a tendency for the percentage of 
infection, as well as the average number of lesions per root, to increase 
with the lowering of the relative humidity at 28°, although there was 
less infection at 59 than at (>9 percent relative humidity. One 
hundred percent of the roots stored at each of the four relative 
humidities at 12° became infected. There was little relation between 
the average number of lesions per root and the relative humidity at 
which they were initially stored, allhough the average number of 
lesions per root was larger at the 2 lower humidities than at the 2 
higher. 

All the results of surface rot experiments show: (1) That the initial 
10 days^ storage largely governed infection with surface rot; (2) that 
the temperatures and relative humidities favorable for suberization 
and periderm formation limited infection; and (3) that the conditions 
of temperature and relative humidity that retarded or prevented 
suberization and periderm formation permitted of various amounts of 
infection with surface rot, depending upon the inhibition of the rate 
of wound-cork formation. 

FUSARIUM END ROT 

The rare infection by Rhizopus of roots that had been wounded 
either by cutting or by breaking off one tip end provided an unusual 
opportunity to study the effect of temporary storage at various 



304 


Journal of Agricultural Research 


Vol. 50, no. 4 


combinations of temperature and relative humidity followed by sub¬ 
sequent storagje at a common temperature and relative humidity on 
healing and on invasion of sweetpotato tissue by fungi such as forms 
of Fusarium, Peu irillium y Alternariay etc. Infection by Rhizopus also 
was sufficiently limited as a result of temporary storage of roots 
bruised at one tip end to permit a study of infection as related to 
temperature and humidity of the initial storage. 

Five experiments dealing with different types of wounding and 
infection by Rhizopus were run during a period of two storage seasons 
(1928-29 and 1929-30). All three types of wounded roots were 
employed in each of four of the experiments, and roots bruised at tip 
and roots cut in cross section at tip were used in the fifth experiment. 
In one of the experiments uncured roots were used ; in the other four, 
cured roots. . . . . 

The results of three experiments, all run during different periods ni 
the same season and involving roots from the same crop, are shown in 
tables 10 and 11. 

Table 10 .—Effect of temperature and humidity during 10 days* storage on invasion 
and infection by species of Fusarium^ Penidlliunit etc., of uncured and cured 
sweetpotaloes wounded at one lip end of the roots ' 

XJNCURED ROOTS (EXPERIMENT 1) 


Initial storage conditions 

Bruised tip 

Broken tip and cross 
section tip 

Temperature (° C ) 

Relative 

humidity 

Roots 

used 

Roots 

infected 

^'otal 
depth of 
<ieca> * 

R(M)tS 

used 

Roots 

infected 

Total 
depth of 
decay 



Percent 

Number 

Percent 

\lm 

Number 

Percent 

Mm 

30 5. 


95 

9 

0 

0 

13 

8 

85 

31... 


95 

9 

0 

0 

20 

5 

25 

28... 


9fj 

10 

0 

0 

17 

0 

0 

25... 


91 

10 

30 

02 

20 

0 

0 

21 ... 


91 

10 

10 

0 

19 

5 

73 

19... 


89 

10 

0 

0 

21 

24 

20 

10 


m 

8 

0 

0 

18 

33 

27 

12 . . 


93 

9 

0 

0 

20 

50 


28. _ 


9ti 

10 

0 


17 

0 

0 

28 _ 


90 

7 

0 


20 

0 

0 

28 


78 

9 

0 

0 

20 

0 

0 

28 _ 

... 

09 

to 

0 


20 

15 

49 

28.. 


59 

10 

0 


19 

21 

59 

12 . 


93 

9 

0 


20 

50 

153 

12 . 

__ 

80 

10 

0 

0 

14 

2 <> 

35 

12 . . 


75 

10 

10 

30 

20 

55 

71 

12 ._ 

.. - . 

05 

5 

0 

0 

20 

70 

228 



CUJRED J 

ROOTS (1 

EXPERIMENT 2) 




37... 


93 

4 

0 

0 

8 

13 

40 

31.. 


94 

4 

0 

0 

10 

10 

10 

29-,- 


90 

3 

0 

0 

10 

20 

37 

25.. 


94 

5 

20 

12 

10 1 

0 

0 

22 ,. 


93 




16 j 

13 


21 . 

_ 

90 

. 4 

0 

0 

6 1 

0 

0 

15.5. 

_ __ . . . 

92 

3 

0 

0 

10 

00 

107 

12 . _ 

-- -- 

93 

2 

0 

0 

10 

90 

30 

29 

- - 

90 

3 

0 

0 

10 

20 

37 

29 

___ . . 

90 

5 

0 

0 

8 

13 


29 

. _ . . _ 

HI 

5 

0 

0 

9 

0 

0 

29.. 

. _ _ . 

71 

5 

0 

0 

10 

20 

10 

29.. 

.. . . _ 

03 

5 

0 

0 

10 

40 

182 

12 .. 

.. . . 

93 

2 

0 

0 

10 

90 

30 

12 . 

.....___ 

85 

4 

100 

45 

10 

100 

157 

12 ..., 


70 

5 

80 

140 

10 

100 

358 

12 .... 


03 


. 

- . _ . 

10 1 

100 

447 


» The uneured roots were harvested Oct. 11, 1929, wounded Immediately, and stored at various initial 
temperatures and relative humidities for 10 days, after which they were stored at a temperature of 16.6° C. 
and a relative humidity of 87 riercent for 154 days. The cured roots were harvested at the same time, 
cured for 10 days at a temperature of 29° and a relative humidity of 74 percent, exposed, after being wounded, 
to initial temperatures and humidities for 10 days, and then stored for 142 days at 12.5° and a relative 
humidity of 58 iwroent. 

3 Total depth of decay includes decay in all roots. 
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The data obtained from the two types of wounding:, broken tip 
and cross section tip, were so similar that the results from experi¬ 
ments 1 and 2 were summarized together in table 10. The results 
from these two types of wounding were consistent in showing either 
no infection or comparatively small percentages of infection following 
exposure to initial temperatures above 19° C. combined with high 
humidity, the highest individual percentage being 20 at 29° and 90 
percent relative humidity (cured roots, table 10). As the initial 
storage temperature fell below 21° there was in most instances a 
tendency for the percentage of infection to increase (tables 10 and 
11). Infection took place readily in roots subjected to all four 
humidities at a temperature of 12°. The distribution of infection 
as related to the various initial relative humidities at 28° and 29° 
was erratic. 

The results obtained when the roots were bruised at one of the 
root tips are not quite so consistent in their relation to the condi¬ 
tions of initial storage, although, in the main, infection took place 
more readily in roots subjected to initial storage conditions unfavor¬ 
able for healing. There is a tendency for bruised tissue to dry out 
in roots that escape infection by Ithizopufi. It is possible that the 
drying out may impede the activities of such fungi as Fumriuin^ 
Penwillium j etc., during the period of subsequent storage long 
enough to permit the process of healing to go on to completion in 
many roots if the environmental conditions of subsequent storage are 
favorable. 

Out of 193 isolations made from roots infected through these 
wounded tip ends, 40 percent yielded forms of Fusariurn, mostly of 
the elegam 27 ])ercent, PenicUlivm; 4 percent, Aliernaria; 1 

percent, unidentified fungi; 0.5 percent, RMzopus tritici; 0.5 percent, 
R. nigricans; 1 percent, Mucor; and 21 pei'cent were sterile. Most 
of the lesions resembled fusarium end rot. It is believed that Peril- 
cillium invasion was largely secondary because it was never the soft, 
watery type characteristic of the rot normally produced in sweet- 
potatoes by forms of PenicilUurn, It is believed that the foregoing 
data throw some light on the occurrence of fusarium end rot in 
storage. Its occurrence has remained more or less obscure largely 
because most of the efforts to produce it by artificial inoculation 
have failed. A partial explanation of this failure is probably that 
following inoculation the roots were stored under conditions that 
favor healing. The condition that apparently favors infection is a 
prolonged inhibition of healing. Associated with an inhibition of 
healing is an apparent deterioration of host tissue in the wounded 
areas. It is possible that the deteriorated tissue may assist the forms 
of Fusarium in establishing themselves in the host tissue. 

JAVA BLACK ROT 

RELATION OF TEMPERATURE TO GROWTH OP DIPLODIA TUBERICOLA 

To determine the influence of temperature on the growth of Divio- 
dia tubericola an experiment was conducted in whicli 200-ml Erfen- 
meyer flasks, each containing 40 ml of carrot a^ar, were inoculated 
by placing at the center of the agar a small bit of fimgus growth, 
including pycnidia and spores, from a com-meal culture of D. tuheri- 
cola. Ten flasks were placed at each of a number of temperatures 
(table 12), from 2° to 42° C. All measurements of the diameter of 
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the colonies taken before the growth reached the borders of the agar 
were taken with calipers that were extended down into the flasks. 

No growth occurred in 16 days at temperatures of 40^^ or 42® C., 
nor in 35 days at 8®. The maximum amount of growth in 1 day 
occurred at 31®. Only slightly less growth occurred at 29®. There 
was a gap of 6® between temperatures 31® and 37®. It is possible 
that the rate of growth may have been greater at temperatures within 
this gap had such temperatures been employed. The fact that the 
amount of growth at 29® was nearly as great as at 31® and that there 
was a marked drop in the amount of decay as the temperature rose 
to 37® would seem to indicate that 31® was near the optimum tem¬ 
perature for the growth of Diplodia tubericola on culture media. The 
retardation of growth was pronounced as the t(‘mperature rose above 
31® or fell below 29®. 

Table 12 Influence of ienipernture on ike groivth of Diplodia iuherirola on carrot 

agar 


42.. 
40 . 
37-. 
31- 
20 - 
2 .')- 
21.6 
10 . 
15- 
13- 
«... 


> There was no growth at 40® and 42° in 10 daj.s 

Orowth just started. 

J There was no grow'lh at S° or l»elow in 35 days, 

RELATION OF WOIJNJ^ING TO INFEC TION 

No e-xperiments were conducted that were especially designed to 
determine the effect of wounding on infection by Diplodia tubericola 
or to test the capacity of the pathogene to penetrate the unbroken 
skin. In the experiments discussed below', the uninjured skin of 
many roots was exposed to inoculum of the pathogene under condi¬ 
tions that readily induce infection in wounded tissue. The results 
obtained show that normally the fungus does not cause infection 
through the uninjured skin. I), tubericola sometimes invades lesions 
produced by species of Rhizopus and by Mucor racemosus, and pos¬ 
sibly other lesions. 

TECHNIC EMPLOYED IN STUDY OF REIJITION OF TEMPERATURE AND HUMIDITY 
TO INFECTION BY DIPLODIA TUBERICOLA IN WOUNDED SWEETPOTATOES 

The technic employed in the infection experiments wdth Diplodia 
tubericola and Sclerotium bataticola was developed as a result of the 
experience gained in the experiments already discussed. 

Unlike Rhizopus tritieij R, nigricans^ and Fusarium oxyspomm, 
Diplodia tubericola commonly is not found associated with sweet¬ 
potatoes grown in the vicinity of Washington, D. C. Only an occa¬ 
sional infection has been observed to occur normally. In order to 
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insure uniform infection, wounded roots (cross section tip) were 
dipped in a macerated culture of the fungus grown on corn meal. 
This method of inoculation insured the presence of the pathogene on 
the wounded area and at the same time avoided rewounding during 
the process. Such a precaution was necessary in the wound-healing 
studies that follow. This method of wounding lent itself admirably 
to the study of the environmental conditions under which infection 
occurred. Infection by the species of Rhizopus in this type of wound¬ 
ing was rare, and the slowness with which invasion by Fusarimn 
occurred enabled such pathogenes as Diplodia tubericola and Sclero- 
tium bataticola, when present, to establish themselves in such unhealed 
wounds whenever the temperature and humidity were favorable. 

INFECTION IN SWEETPOTATOES INOCULATED WITH DIPLODIA TUBERICOLA WHEN 

FRESHLY WOUNDED AND IN THOSE INOCULATED AFTER 10 DAYS’ STORAGE AT 

VARIOUS TEMPERATURES AND HUMIDITIES FOLLOWING WOUNDING 

Five experiments were conducted which were designed to yield 
information regarding the following questions: (1) Do sw^eetpotatoes 
change during the storage season in their susceptibility to infection 
by Diplodia tubericola? (2) What conditions of temperature and 
humidity favor infection of freshl}^ wounded roots? (3) What effect 
does 10 days’ storage of w;ounded roots at various temperatures and 
relative humidities before inoculation have on infection during subse¬ 
quent storage following inoculation? 

The Yellow Jersey variety was used in all five experiments. The 
treatment the roots received before and during the experiments w^as, 
briefly, as follows: 

In experiment 1 the roots were harvested October (>, 1928, cured 
for 10 days at a temperature of 22° to 26° and a relative humidity 
of 50 to 82 percent, and then stored at a temperature of 10° to 15° 
and a relative humidity of 70 to 85 percent until February 13, 1929, 
when the experiment was started. The roots were inoculated when 
freshly wounded (cross section tip) and 10 roots each w^ere stored at 
15 combinations of temperature and relative humidity for 46 days. 

Experiment 2 was started February 25, 1929, with roots from the 
stock used in experiment 1. (1) A quantity of roots were inoculated 

when freshly wounded (cross section tip) and stored 10 each at the 
15 combinations of temperature and relative humidity given in table 
13 and in addition at a temperature of 15.5° (/. and a relative humidity 
of 87 percent and at 21° and 89 percent relative humidity for 45 days. 
(2) A quantity of roots were wounded, then stored 10 each at 15 coni- 
binations of temperature and relative humidity for 10 days, and then 
inoculated; after inoculation these roots were further treated as fol¬ 
lows: (a) Roots from each initial temperature and relative humidity 
were returned to the conditions of temperature and relative humidity 
from which they came for 35 days’ further storage, and (6) roots from 
each initial storage condition were stored at 15.5° and 87 percent rela¬ 
tive humidity and at 21° and 89 percent relative humidity for 35 days. 

In experiment 3 roots from the stock used in experiments 1 and 2 
were wounded March 5, 1929, by cutting a thin slice (longitudinal 
section shallow p. 295) from the side of each root. After wounding, 
the procedu re was the same as in experiment 2, except that the subse- 

3 wounded by cutting off one tip end of each root at a point where the root was about 
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quent storage at 15.5° C. and 87 percent relative humidity was omitted 
and the storage at the other conditions lasted only 26 days. 

In experiment 4 roots harvested October 11, 1929, were wounded 
and inoculated immediately without curing, and stored 10 each at the 
various temperatures and relative humidities shown in table 13, for 
61 days. 

In experiment 5 uncured roots from the stock used in experiment 4 
were subjected to the same treatment and procedure, except the dura¬ 
tion of subsequent storage (talde 13), as those in experiment 2, five 
roots being used at ea<di storage condition. 

Table 13. —Infection of sweetpotatoes hy Diplodia tuhericola during various periods 
of storage following different treatments ‘ 


Infection 111 roots inoculated 


Aftt'r 10 days at initial stora(i:e conditions 
following wounding 


Initial sfonigc conditions 

wounded (after 
inoculation roots' 
stored for 21 i 
days at initial 
storage condi- 
1 ions only) 

.Mtihsefiuent 
storage for 51 
da> s at (‘ondi- 
lions same as 
initial 

Subsequent 
storage for 51 
days at 15.6° C. 
and 87 percent 
relative 
humidity 

Subsequent 
storage for 51 
days at 21° C. 
and 89 iierceut 
relative 
humidity 

Teinpernture (® C.) 

liela- 

(1\0 

humid- 

Hy 

Roots 

infected 

'I'olal 

depth 

of 

<ie(5ay 

R(M)1s 
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depth 

of 
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1 Hoots 
infected 

Total 

depth 

of 

decay 
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infected 

Total 

depth 

of 

decay 


Percent 

Percent 

A/w 

Percent 

Mm 

Percent 

Mm 

Percent 

Mm 

'M) 6 . 

96 





0 

0 

U 

0 

31 . . ... 

95 

80 

218 

0 

0 

0 

0 

0 

0 

2S. . ... 

9ti 

80 

87 

0 

0 

0 

0 

0 

0 

26.. - . 

91 

80 

25 

0 

0 

20 

2 

0 

0 

21. 

91 

80 

17 

0 

0 

20 

40 

0 

0 

19. . 

89 ! 

100 

26 

20 

8 

40 

16 

0 

0 

Hi.-. 

89 

60 

14 

60 

13 

60 

17 

40 

115 

12 .. 

93 

40 

6 

0 

0 

60 

12 

40 

170 

2H.. 

9« 

80 

87 

0 

0 

0 

0 

0 

0 

28. . 

90 

100 

.50 

0 1 

0 1 

0 

0 

20 

3 

28.. 

78 

(H) 

13 

0 

0 

20 

17 

20 

15 

28..... 

69 

«) 

105 

0 

0 

0 

0 

40 

10 

28__ __ 

.69 

40 

127 1 

20 

25 

a ,50 

33 

40 

42 

12... .. 

93 

40 

6 

0 

0 

60 

12 

40 

170 

12.... 

86 

60 

8 

40 

9 

m 

18 

20 

45 

12.. 

76 

KKl 


80 

40 

100 

64 

100 

63 

12. 

65 

W) 

61 I 

300 

74 

a «> 

46 

100 

91 

('heck (roots inoculated when freshly woundoii 

1).. 



100 

103 

80 

114 


> 6 r(K)ts were used for each condition of storage e.xcei)t in the cases noted. All roots were wounded by 
cutting otT the tip end. 

* 6 rfKits were used instead of 5. 

3 3 roots were used Instead of 5. 


Whenever the treatment and storage conditions were comparable 
the results of all five experiments were so similar that only those of 
experiment 5 are presented in table. 13. 

The results of the five experiments, together with some discussed 
later (p. 311), show that if cured and uncured roots are wounded in 
the same manner and the subsequent treatment as to inoculation and 
storage is the same there is no apparent difference in their suscep¬ 
tibility to infection by Diplodia tuhericola. Infection occurred under 

w The results from these later experiments were obtained from cured roots from the same stock as the 
imcured roots in experiment 6. One of these experiments was started Nov. 26,1929, following curing, ana 
one Jan. 13, 1930. 
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the same conditions and in similar proportions in cured and imcured 
roots. 

A certain percentage of infection by Viplodia tubericola occurred at 
all conditions of temperature and humidity in roots inoculated when 
freshly wounded (table 13). The tendency for percentage of infection 
to drop at temperatures below 19° C. was also evident in the other 
experiments (not shown in table 13). There was a tendency for the 
total depth of decay to increase with the rise in temperature from 12° 
to 31°. 

There seems to be little relation of humidity to the percentage of 
infection at 28° C. in roots inoculated when freshly wounded, although 
the results in table 13 suggest a possible relation. In 2 of the 5 
experiments there was no infection at a relative humidity of 96 per¬ 
cent, and about an equal percentage of infection occurred at the other 
humidities. At a temperature of 12° there was a tendency for the 
percentage of infection as well as the total depth of decay to increase 
with the lowering of the relative humidity, particularly in the early 
stages of infection. In this experiment and in one other (table 13) 
the percentage of infection increased with the lowering of the relative 
humidity from 93 to 73 percent, then dropped off as the humidity 
fell to 65 percent. A temperature of 12° has not been found very 
favorable to the continuation of decay by IHplodia tubericola. In a 
large percentage of the cases where infection began with this patho- 

f ene, the organism was displaced by species of Fusarium and 
'enicillium. 

In roots wounded and stored for 10 days at the various tempera¬ 
tures and humidities, then inoculated and returned to the tempera¬ 
tures and hmnidities from which they came for 51 days’ further stor¬ 
age, infection had a very definite relation to the conditions of initial 
storage that are either unfavorable to suberization and periderm forma¬ 
tion or retard their formation. No infection occurred at temperatures 
of 21°, 25°, 28°, and 31° C. combined with high humidity. Passing 
from a temperature of 21° to 19° and 16°, the percentage of infection 
as well as the total penetration increased. At a temperature of 12° 
there was no infection at a relative humidity of 93 percent. In 3 out 
of the 4 other experiments (data not included in table 13) there was 
infection at 12° (combined with the highest humidity employed); in 2 
of these 3 there was no infection at temperatures above 12°. Infection 
took place readily at the three lower humidities at 12°. At 28° only 
relative humidities of 59 percent in this experiment (table 13) and 63 
percent in another experiment, of the 5 employed, were sufficiently 
unfavorable to healing to permit of infection. Infection was obtained 
at 59 percent relative humidity in two other experiments. 

“ If subsequent storage, following 10 days’ initial storage at various 
temperatures and humidities, influences infection and decay, it does 
so in the case of roots stored at initial combinations of temperature 
and relative humidity that either prevented or retarded suberization 
or periderm formation. Subsequent storage conditions favorable 
to cork formation usually resulted in less infection than conditions 
unfavorable to cork formation in roots initially stored under conditions 
of temperature and humidity unfavorable to healing. The results have 
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been consistent in showing that whenever the conditions of tempera¬ 
ture, humidity, and time were such as to permit cork formation to go on 
to completion before the roots were inoculated infection did not result 
under the conditions of subsequent storage employed in these experi¬ 
ments. Storage for 10 days at temperatures of 28^, 31®, and 36.5® C. 
combined with high humidity at all the conditions of subsequent storage 
prevented infection. There was one infection at 25®, but decay made 
scarcely any progress. A subsequent storage at 15.5® and 87 percent 
relative humidity following initial storage at temperatures of 19®, 
16®, and 12® (combined with high humidity) showed a higher percent¬ 
age of infection, with one exception (table 13), than did roots that were 
returned to these initial temperatures or were subjected to subsequent 
storage at 21° and 89 percent relative humidity. In experiment 2 
(not shown in table 13) a higher percentage of infection resulted during 
subsequent storage at 21° and 89 percent relative humidity. There 
was less infection (table 13) in roots initially stored at the various 
humidities at a temperature of 28® followed by subsequent storage 
under these same conditions than in roots with the same initial storage 
followed by subsequent storage at 15.5® and 87 percent relative 
humidity and at 21® and 89 percent relative humidity. In experiment 
2 (not shown in table 13) there w'as no infection during subsequent 
storage at various relative humidities at 28® following an initial 
storage under the same conditions, except at 63 percent relative 
humidity, the lowest employed. With certain exceptions, there w’as a 
tendency for infection and decay to increase with tnc lowering of the 
relative humidities both at 28® and 12® in roots subsequently stored 
at 15.5° and 21®. In roots from the various initial temperatures and 
humidities the total decay w^as greater in the main in those subse- 
(luently stored at 21® than at 15.5®. 

RELATION OF EXTREMES OP TEMPERATURE AND HUMIDITY DURING INITIAL 

STORAGE OF WOUNDED CURED SWEETPUTATOES TO INFECTION BY DIPLODIA 

TUBERICOLA DURING SUBSEQUENT STORAGE 

Tw o experiments w ere conducted to compare the effects of 10 days' 
initial storage of wounded sweetpotatoes at high temperatures and 
n^lative humidities with those at low temperatures and humidities, 
during a subsetiuent storage at various temperatures and humidities. 
In experiment 1 Yellow Jersey roots wwe wounded (cross section tip) 
and stored for 10 days at 2 combinations of temperature and relative 
humidity (some at 29® C. and 97 percent and some at 13® and 69 
percent), then inoculated with Diplodia tubericola and stored at 15 
combinations of temperature and relative humidity (table 14), 
together with some roots inoculated when freshly wounded. Experi¬ 
ment 2 included the Puerto Rico variety in addition to Yellow Jersey. 
The initial storage temperatures and relative humidities were 26® 
and 92 percent and 13® and 59 percent in the case of Yellow Jersey, 
and 29® and 97 percent and 13® and 59 percent in the case of Puerto 
Rico. The subsequent storage temperature of 37® w^as omitted in 
experiment 2. Aside from the exceptions mentioned the two experi¬ 
ments were similar. The average results obtained from the Yellow 
Jersey variety in the two experiments are presented in table 14, 
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Table 14 .— Relation of temperature and humidity to infection and decay of sweet- 
potatoes {Yellow Jersey) hy Diplodia tubericola during 10 to 12 days* storage 
following different treatments ^ 


Final storage conditions 

' 

Roots inoculated 
when frashly 
wounded 

Roots wounded and initially stored 
for 10 days at— 

1.3® C. and relative 
humidities of 59 
and 69 fiercent and 
then inoculated 

26® and 29® C. and 
relative humidities 
of 92 and 97 percent 
and then inoculated 

Temperature (® C.) 

Relative 

humidity 

Roots 

infected 

Average 
depth of 
decay 

RlKltS 

infected 

Average 
depth of 
decay 

Roots 

infected 

Average 
depth of 
decay 


Percent 

Percent 

Mm 

Percent 

Mm 

Percent 

Mm 

37.-__ 

93 

20 

0.0 ! 

20 

0.6 i 

0 

0 

30-31__-. 

94 

90 

17.0 i 

90 

25 0 1 

0 

0 

29... ..-. - 

97 

100 

20.0 

70 

29 0 

0 

0 


92 

80 

1.5. 0 

90 

23 0 

0 

0 

22.... , 

91-9.5 

00 

18.0 

60 

5 0 

0 

0 

18-19___ 

88-94 

30 

.9 

60 

2.0 

0 

0 

15.6_ 

91-92 

0 

0 

40 

4.0 

0 

0 

12____ 

93-94 


0 

10 

.3 

0 

0 

29.-. 

97 

100 

20 0 

70 

‘2Q.0 

0 

0 

29... 

89-90 

1 90 

41.0 

80 

32.0 

10 

9 

29. 

80 

S 100 

38 0 

100 

27 0 

1 

0 

29.. - 

09 -72 

80 

17.0 

80 

20 0 

10 

8 

29... 

00-03 

50 

24 0 

60 

24.0 

0 

0 

12. 

93 94 

0 

0 

10 

.3 

0 

0 

12. 

8.5 

0 

0 

0 

0 

0 1 

0 

12.. 

70- 78 

0 

0 

0 

0 

0 I 

0 

12..1 

03 -04 

0 

0 

0 

0 

0 

0 


1 The results recorded in this table except at 37® C. are the averages of two experiments. Five roots were 
used for each treatment and condition of teniiierature and relative humidity in each experiment. Results 
were taken after 10 and 12 days of final storage, resi>ectively. 


The initial storage of wounded roots for 10 days at high temperatures 
and high relative humidities (26® and 29® V. and 92 and 97 percent 
relative humidity, respectively) before inoculation excluded infection 
except at two conditions of subsequent storage (29® and a relative 
humidity of 89 to 90 percent, and 29® and a relative humidity of (M) 
to 72 percent) and here only 1 root out of 10 was involved in each 
instance (table 14). In roots initially stored at a low temperature 
and low humidity (13® and 59 and 69 jiercent) infection occurred at all 
subsequent storage conditions of temperature and relative humidity, 
except the three lowest humidities at 12®, within 10 to 12 days. In 
roots inoculated when freshly wounded infe(*.tion occurred at tempera¬ 
tures of 18® and above, but not at 12® and 15.5®, in 10 to 12 days' 
subsequent storage. From the occurrence of infection and the amount 
of decay, it will be seen that there is no significant difference in sus¬ 
ceptibility between roots inoculated when freshly wounded and roots 
inoculated after 10 days' storage at low temperature and relative 
humidity following wounding. 

Results similar to the foregoing were obtained with roots of the 
Puerto Rico variety, wounded and initially stored for 10 days, in one 
instance at a temperature of 29® C. and relative humidity of 97 
perc/Cnt and in another at 13® and 59 percent relative humidity, 
followed by inoculation with Diplodia tubericola and 12 days' sub¬ 
sequent storage at 14 combinations of temperature and relative 
humidity. 

RELATION OF TEMPERATURE TO RATE OF DECAY 

The results obtained during 10 to 12 days' storage at various tem¬ 
peratures following inoculation from (1) roots inoculated when 
freshly wounded and (2) roots inoculated after 10 days' storage at a 
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temperature of 13° C. and relative humidities of 59 and 69 percent 
illustrate the effect of temperature on rate of decay (table 14 and fig. 
1). There is not much difference in the rate of aecay in roots with 
the two types of treatment, although the rate is as great or greater at 
all temperatures at which infection occurred, except at 22°, in roots 
subjected to 10 days' initial storage at 13° and 59 and 69 percent 
relative humidity (fig. 1, B) than in roots inoculated when freshly 
wounded (fig. I, A), There was some variation in individual experi¬ 
ments in the amount of decay that took place at a given temperature, 
but the average of the two experiments following a given type of 
treatment produces fairly uniform curves. If averages of the two 
types of treatment are taken, a still smoother curve is obtained 
(fig. 1, C). The greatest amount of decay occurred at 29° in the 

experiments reported _ _ _ 

in table 14, but in ‘ . a] 

anotlier experiment it Xv 

occurred at 31° (table / 

13). As the tempera- / ^/Vi\ 

ture was raised above b/ // U\ 

or lowered below 29° /// \\ 

the rate of decay |2o- - f7~T — - 

rapidly declined. "" y / \A 

The data in table ^ / jv/ \\\ 

15, obtained from one u / \ \\ 

of the experiments dis- Z In \\\ 

cussed in connection Z /// v\ 

with table 14, illus- tio- - 4/ j - - 

trate roughly the rate ® [/ / \\ 

at w^hich infection and 1/ I ^ 

decay by Diplodia L J ^ 

tuber icola occur at >n. /X \ 

temperatures of 12°, \ 



following preliminaiy '» ^temperature co 

tlOatlllPIlt and inO( U- | „f (Jpeay in sweetpotatoes raiised by inplodta 

lation, as indicated. fw6mro/a at various temperatures y!, Hoots inoculated when freshly 
W ,.rUI wounded; n, wounded roots stored for 10 days at 13® C. and at 59 and 

It Will DO IlOtetl inat 69 Iiercent relative humidity before inoculation; C, average of a and B. 

decay takes place very 

slowly, the average penetration being slight even after 44 days' 
storage at these temperatures. The slowness in the advance of decay 
is due in part, it is believed, to the retarded activity of the pathogene 
at these temperatures. Diplodia tuhericola is often displaced by other 
organisms, especially Fusariurrif at these temperatuies, particularly 
at 12°. The high average depth of decay (13 mm) after 44 days' 
storage at 12° and 63 percent relative humidity in roots inoculated 
after wounding and 10 days' storage at 13° and 59 percent relative 
humidity was due to deep decay (55 mm) in one root rather than to a 
consistent advance in all the roots. Incidentally it will be noted that 
the roots with an initial storage temnerature of 26° and a relative 
humidity of 92 percent showed scarcely any infection after 44 days' 
storage at the temperatures 12°, 15.5°, and 17.7° and the various 
relative humidities at 12°, or after 16 days' further storage at 21° 
and 89 percent relative humidity. Nor did these roots show signs of 
infection by other organisms. 
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TEMPERATURE LIMITS OF INFECTION 

No experiments designed to determine the exact temperature limits 
of infection for Divlodia iubericola were conducted. 

The slowness of infection and decay at 12° C., and the fact that 
Diplodia iubericola is largely displaced by other organisms and that 
there was no growth on carrot agar at 8° after 35 days' storage (table 
12) indicate that 12° is near the lower temperature limit of infection 
and decay for this fungus. 

The slowness in rate of decay by this fungus at 37° C. and the fact 
that there was no growth of the pathogene in 16 days at 40°(table 12) 
show that 37° is near the maximum temperature for infection and 
decay. 

EFFECT OF DURATION OF INITIAL STORAGE OP WOUNDED SWEETPOTATOES ON 
INFECTION BY DIPLODIA TUBERICOLA DURING SUBSEQUENT STORAGE 

An experiment was conducted in which roots of the Yellow Jersey 
and Nancy Hall varieties were wounded as in the preceding cases, 
stored at a temperature of 25.5° C. and a relative humidity of 94 per¬ 
cent for various periods, then inoculated with Diplodia iubericola 
and returned to the same temperature and relative humidity for 13 
and 22 days' further storage. The initial storage periods for the 
Yellow Jersey were 2, 4, 6, 8, and 10 days, respectively, and for 
Nancy Hall 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 days, respectively. In 
order to use the same inoculum for all the roots, those for the 10-day 
initial storage period were wounded first, those for the 9-day period 
next, etc., each lot being wounded and stored on successive days in 
the order of time assigned to the initial storage. At the end of the 
various initial storage periods all the roots, including the freshly 
wounded ones, were inoculated at the same time mth the same 
inoculum. 

No infection occurred in either Yellow Jersey or Nancy Hall roots 
subjected to an initial storage of more than 4 days (table 16). 


Table 16 .—Effect of duration of initial storage of wounded sweetpotaioes followed 
by inoculation with Diplodia Iubericola on infection and decay during 2 periods 
of subsequent storage ^ 


Duration of 
initial storage 
(days) 


Infection and decay in the Nancy Hall variety after 
storage periods indicated 


Infection and decay in Yelf 
low Jersey variety afte 
storage period indicated 


Initial, 29® C. and 9fl-per- 
cent relative humidity; 
.suKsequent, 28® and 89 
Iieroent relative humidity 


Initial and subsequent, 25.5® 
r. and 94 i>ercent relative 
humidity 


Initial and .'subsequent, 25.5® 
C and 94 iiercent relative 
humidity 


13 days 


28 days 


13 days 


22 days 


13 days 


22 days 
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decay 

Per¬ 


cent 
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80 

29 

0 

0 

0 

0 

0 

0 


Roots 

in¬ 

fected 


Depth 

of 

decay 


Roots 

in¬ 

fected 


Depth 

of 

decay 


Roots 

in¬ 

fected 


Per- 


Per- 

cent 

Mm 

cenf 

100 

3149 

100 

100 

33 

80 

20 

2 

40 

« 

0 

20 

0 

0 

0 


Mm 

56 

14 

5 

2 

0 


Per¬ 

cent 

100 

100 

60 

60 

0 


Depth 

of 

decay 

Roots 

in¬ 

fected 

Depth 

of 

decay 

Roots 

in¬ 

fected 

Depth 

of 

decay 

Afm 

58 

24 

13 

10 

0 

Per¬ 

cent 

80 

Mm 

15 

Per¬ 

cent 

100 

Mm 

17 

20 

4 

60 

7 

0 

0 


2 


* 5 roots were used for each time Interval. 

• The apparent decrease in depth of decay In 28 daj^ as oomi>ared to 13 days is due to error of me^ure- 
ment. The measurements taken after 13 days were from the outside of the root and those taken after 28 
days were from the interior after the roots had been halved. However, there was no advance of decay aftei 
13 days. 

’ There was no infection after initial storage peiiods of 5 days or more. 
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In another experiment, roots of the Nancy Hall variety were stored 
for periods of 1 to 10 days at a temperature of 29® C. and a relative 
humidity of 96 percent and then inoculated and stored at 28® and 
89 percent relative humidity for 13 and 28 days (table 16). The 
wounding and inoculation were made in the same manner as in the 
preceding: experiment. No infection occurred in roots that had had 
an initial storage period longer than 2 days. 

CHARCOAL ROT 

RELATION OF TEMPERATURE TO GROWTH OF SCJLEROTIUM BATATICOLA ON 

CARROT AGAR 

In order to detei-iiiine the temperature limits and optimum tem¬ 
perature for growth of Sderotimi bataticola, as well as the rate of 
growth at various temperatures, ten 200-ml Erlenmeyer flasks, each 
containing 40 ml of carrot agar, were inoculated with S. baiaiicola 
and stored at each of 11 temperatures (table 17). The maximum 
amount of growth in 1 day occurred at a temperature of 31® C. As 
the temperature rose above 31® or fell below" it the rate of grow^th 
rapidly declined. S. batatieola show^ed slight growth in 3 out of 10 
flasks at 42® in 16 days and slight grow'th in 2 out of 10 flasks at 8® 
in 35 days in contrast to an absence of gi’owth by Diplodia tubericola 
at these temperatures in the same periods. 


Table 17 .—Influence of temperature on the growth of Selerotium hntaticola on 

carrot agar 


Temperature 
(° C ) 

Average area of colonics after— 

Temiierature 
d C ) 

Vverage area of colonies after - 

1 day j 

3 days 

7 days 

IJ days 

J da> 

3 da.N s 

7*days 

11 days 

420 .. 

M TO2 

0 

MuO 

0 

M m2 

0 

A/m2 
» 0 

21 ,5 . . 

5i 

Mm3 

Mm3 

Mm3 

40 0 _ , 

0 

0 

0 

1 0 

19 0 . 


l,(M)5 



.37 0.. - 

511 

_ 



15 0._ 

0 

(•’) 


. 

31 0.._. 

2. JOO 




l.t 0 

0 

0 

210 

. 

29 0_ , . 

.580 




8 0 .. - - 

0 

0 

0 

*0 

25 0 _ 

207 

... 


- 







> (Growth had just started in 3 out of l() flasks at 42° (’ and in 1 oul of 10 flasks al 40° (’ in JO days. 

2 Growth just started 

3 There was slight growth in 2 flasks out of JO at 8° C. in 35 days. 


REI.ATION OF WOUNDING TO INFECTION 

Sclerotium baiaticola seems quite dependent upon wounds for infec¬ 
tion. It sometimes invades lesions of mottled necrosis, Rhizopm soft 
rot, lesions produced by Mucor racemosus, and possibly other lesions. 
Injury by heat, such as that produced in the field when the roots lie 
in the sun, seems to open the way for infection in fields heavily 
infested with S. baiaiicota. However, mechanical wounding remains 
(he major preliminary condition essential to infection. If the un¬ 
broken skin is exposed to inoculum of S. batalicola, infection rarely 
if ever results. This is shown by the infection experiments discussed 
below, conducted imder the same conditions and involving the same 
technic as those carried on in connection with Diplodia tubericola. 
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INFECTION BY SCLEROTIUM BATATICOLA IN SWEETPOTATOES INOCULATED WHEN 
FRESHLY WOUNDED AND IN THOSE INOCULATED AFTER 10 DAYS* STORAGE AT 
VARIOUS TEMPERATURES AND HUMIDITIES FOLLOWING WOUNDING 

The materials (except the pathogene) and the technic employed in 
these experiments (five in number) were the same asin the experiments 
with Diphdia iubericola. The experiments were run concomitantly 
and uncler the same conditions of temperature and relative humidity. 

The results of the five experiments were so similar whenever the 
conditions of treatment and storage w*ere parallel that the results of 
only one are |)rcsented (table 18). In this experiment uncured roots 
obtained directly from the field at harvest time (Oct. 10, 1929) were 
used. One lot was held for 10 days at If).5° C. and 87 percent rela¬ 
tive humidity (noncuring condition), then wounded and inoculated 
with Sclerotium baiaticola. Five of these roots (roots inoculated when 
freshly wounded) were then stored 21 days at each of the lo combina¬ 
tions of initial temperature and relative humidity given in table 18. 
Another lot of roots were wounded immediately after harvesting, and 
part of them were stored for 10 days at each of the 15 initial tem¬ 
peratures and relative humidities given in table 18. At the end of 
this 10 clays’ storage all the roots were inocuilated. Five of these 
roots from each initial storage condition were stored as follows: 
(1) For 21 days at each (»f the initial storage conditions; (2) for 51 
days at 15.5° and 87 percent relative humidity; and (8) for 51 
days at 21° and 89 percent relative humidity. Roots inoculated 
when freshly wounded were also stored under the two last-mentioned 
(‘onditions of storage as checks. The same inoculum was used 
throughout, and all the rDots were inoculated at one time. 

Tablk ~ I fifvrtioh of fiir vet potatoes hu Sclerotium hataiicola iluring various 
periofts of storage folio inn g tliffereat treatments * 

in roots inoculated 


•\fter 10 days’ sioraiie at initial temiwratures 




V hen freshlv 

ainl relative hiiniulilies follnwmp '«\»undlnp 





1 - _ 















initial Morage oondiiions 

inoculation 

Subse<iuent 1 
storape (for .61 j 
d.i>s) at con- , 
ditionv .same a'' 
initial j 

i 

Subseeiuent i 

Subse«|uent 


1 

roots stored for 

storape (for .61 1 

storage (for .6! 



21 davs at 

da\s» at 16 .6° C ! 

days) at 21° C 



initial storage 
conditions* 

and 87 iKMcent ^ 
relative 

and 89 fiercent 
relati\e 





hi]midit.\ 

huniulit> 

*1 eiriperaturc f° (' ) 

Rela¬ 
tive hu- 
tnidity 

Roots 

infected 

Total 
depth 
of deca> 

UfMlI S 

infected 

Total 

I depth 
of deca> 

1 

R(»ots j 
infected 

1 

Total 

1 depth 
jof decu.\, 

1 Roots 

1 infected 

i 

ToUl 
depth 
of decay 


Percent 

Percent 

A/m 

Percent 

Mm 

Percent 

A/m i 

Percent 

A/w 

3fi . 

96 




0 


0 

20 

150 

31 0. 

96 

80 

307 

20 

, 100 

0 

0 

0 

0 

28 0 . 

9R 1 

00 

337 

0 

0 

0 

0 

0 

0 

2.6 0 .... 

91 ! 

80 

202 

0 

0 

0 

0 

0 

0 

21 0- - .. , - 

91 

100 

202 

0 

0 

20 

15 

0 

0 

19 0.. . . 

89 

100 

32 

0 

0 

20 

8 

0 

0 

10.0... 

8it 

00 

10 

0 

0 

00 

20 

80 

131 

12.0.-. 

93 

40 

7 

0 

0 

100 

26 

100 

310 

28 0 

90 1 

00 

337 

0 

0 

0 

0 

0 

0 

28.0. .. . .. . 

90 i 

80 

134 

0 

0 

0 

0 

0 

0 

28.0_ . - 

78 

HK) 

340 

0 

0 

40 

26 

40 

48 

28.0-. 

09 

100 

196 1 

40 

117 

20 

3 

20 

110 

280 - 

69 

80 

248 ! 

20 

116 

( 20 

2 

80 

10 

12 0 ... _ . 

93 

40 

7 

0 

0 

' 100 

26 

100 

310 

12.0.. . 

12.0... - - - _ 

80 

76 

40 

0 

10 

0 

20 

lUO 

10 

43 

HX) 

80 

40 

42 

100 

1(X) 

1.32 

281 

12.0 .. . - 

06 

20 

3 

100 

02 

80 

27 

80 

1.38 

Check (roots inoculated when freshly 

wounded).. 

__ - 

. 

](K) 

40 

100 

390 


' 6 roots were used for each condition of storage except in the case of roots inoculated when freshly wounded 
liind stored at 16 5® C. and 87 iiercent relative numidity and at 21° and 89 percent }? 

wnluh cases 7 and 10 roots, respectively, were used. All roots were wounded by cutting on i tip end of eacn. 

a 


128001—35* 
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In roots inoculated when freshly wounded, infection by Scleroiium 
baiaiicola took place readily at t;emporatures from 19° to 31° C., and 
at all relative humidities at 28° (table 18). At temperatures below 
19° (see also table 19) infection was more uncertain and at 12° Sclero- 
iiwn was generally displaced by other organisms, especially species of 
Fusarium. There seems to be little relation between the percentage 
of infection and relative humiditv at either 28° (see also table 19)^** 
or 12^ 

An initial 10 days' storage of wounded roots at various temperatures 
and relative humidities altered materially the infection with Scleroiium 
baiaiicola that occurred when they were inoculated and stored at the 
same temperatures and relative humidities as the roots inoculated 
when freshly wounded. With the exception of 1 root at 31° C., no 
infection occurred in roots stored for 51 days at any of the tempera¬ 
tures combined with high humidity. There was no infection at 
temperatures of 12° and 16° combined with high humidity in the 
experiment reported in table 18, but there was in 2 other experiments 
at 16°, and in 1 of the 2 at 12° (not included in table 18). The 
handicaps that these conditions impose upon healing and the activities 
of the pathogene WTre such that a struggle for supremacy resulted. 
Some infe(*.tion occurred at the 2 lowTst relative humidities (59 and 
69 percent) at 28° and at the 3 lowest humidities (65, 75, and 86 
percent) at 12°. These results show’ that healing is not alw ays suf- 
iichmtly (*omplete by the end of 10 days' storage at the lower humidi¬ 
ties at 12° and 28° to preclude infection. 

Judged by the infe(‘tion with Scleroiium baiaiicola that occurred 
(table 18) during subsequent storage at 15.5° C. and 87 percent rel¬ 
ative humidity and at 21° and 89 percent relative humidity, healing 
w’as not always complete by the end of 10 days' initial storage at 
temperatures of 12° to 21° (combined with high humidity), at the 
three lowest humidities at 28°, or at any of the humidities at 12°.*^ 
The rate of decay was consistently higher at a subsequent temj)erature 
of 21° than at 15.5°. Infection (x’curred following subsequent stor¬ 
age at 15.5° after initial temperatures of 12° to 21°, whereas infection 
occurred following subsequent storage at 21 ° after initial temperatures 
of 12° to 16°. These results (at 15.5° and 21°) wwe almost reversed 
in another experiment, in which, however, the subse(|uent relative 
humidity at 15.5° was 95 percent instead of 87 percent. In wounded 
roots inoculated with Scleroiium baiaii^ola^ after a day’s initial storage 
at temperatures from 12° to 21°, infection during subseciuent storage 
would seem to depend iipon (1) whether wound healing is complete, 
(2) the stage of healing, and (3) the temperatures and relative 
humidity of subsequent storage. If w’ound healing had rea<died an 
advanced stage, it would seem possible that it might become complete 
before infection could occur, especially if the conditions of subsequent 
storage were favorable to healing; if unfavorable, infection might 
take place. 

13 The resiijts in table 18 indicate a possible relation between the percentage of infection and relative 
humulity at r , but when all the results dealing with infection in freshly wounded roots are considered 
there seems to be no relation 

H The one infection in roots with an inital storage at ICi rC V and a .subsaduent storage at 21® mav ea.sily 
have been accidental. Mowever, it may have been associated with the sime factor that makes sweet- 
potatoes more susceptible to decay by Rhtzopun frttki ill) at temperatures above 33°. 
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RELATION OF EXTREMES OF TEMPERATURE AND HUMIDITY DURING INITIAL 
STORAGE OF WOUNDED CURED SWEETPOTATOES TO INFECTION BY SCLEROTIUM 
BATATICOLA DURING SUBSEQUENT STORAGE 

The two initial storage temperatures and relative humidities in the 
two experiments reported in table 19 were selected to compare the 
effects of storing wounded roots at conditions very favorable to healing 
with the effects of storing at conditions that prevent healing. 


Table 19 .—Influence of temperature and humidity on infection by Scleroiium 
hataticola in cured sweetpotatoes inoculated when freshly wounded and in sweei^ 
potatoes wounded and stored for 10 days at each of two combinations of temperature 
and humidity and then inoculated * 


Km)ts wounded and initially stored for 
10 days at— 




Hoots inoculated 


1 



Fintil .storage conditions 

w hen 

freshly 

13® C. and relative 

26® and 29® C and 



wounded 

humidities of 59 

relative 

humid- 





and (59 

liercent 

ities of 92 and 97 





1 and then inocu- 

(lercent and then 





1 iated 


inoculated 

Teiiii»i‘rtiture (') 

Kelaf i\t* 
hurriKlity 

Hoots 

infected 

[ Average 
<leplh of 
ilec*ay 

1 

Roots 

mfocled 

Average 
depth of 
decay 

Rofits 

infected 

Average 

1 depth of 
decay 


Perce ui \ 

Percent 

|-. . j 

Mm 

Percent 

Mm 

Percent 

Mm 

37 - 

93 : 

; 80 

11 1 

80 

13 

0 

0 

30 M . . .... 

94 

90 

77 1 

100 

50 

0 

0 

20 - - - .... .: 

97 

100 

87 

KH) 

40 

20 

9 

2.') .. . ! 

92 

1 100 

54 

90 

21 

0 

0 

22. 

91 95 

1 88 

22 

100 

28 

0 

0 

1M-I9 

8H-94 

1 40 

9 

50 

3 

0 

0 

16 6. . . . 

91-92 1 

30 

1 

60 

6 

0 

0 

12 . . . ... 

93 91 ' 

! 0 

0 

0 

0 

0 

0 

20 . .... 

97 1 

100 

87 

100 

40 

20 

9 

29 ... . 

W 90 i 

90 

04 

-80 

24 

10 

9 

2t» - 

Ml 

90 

77 

90 

57 

0 

0 

•29 .... 

(59 72 

100 

55 

90 

16 

10 

7 

29 . 

(MM»;i 1 

KM) 

61 

70 1 

19 

0 i 

0 

12 . 

93-94 

0 

0 

0 

0 

0 

0 

12 . .. 

K5 : 

0 

0 

0 

0 

0 

0 

12 .... 

7(5-7M 1 

0 

0 

0 

0 

0 

0 

12 . 

j (».3-(>4 

0 

0 

0 j 

0 

0 

0 


> The resulls recorded are the averaiies of 2 experiments, .'i roots were used for each treatment and combina¬ 
tion of teiniK^rature and relative hiimidit.\. The length of the final storage iierlod in the cxt>eriments was 
10 and 12 days, resiXH'tively 


The material used, aside from the pathogene, the technic employed 
in setting up the two experiments, and the initial and final storage 
conditions were the same as those employed in the same type of 
experiments in connection with Java black rot. The results reported 
are the average results of the two expeiiments. 

Infection took place under the same conditions of temperature and 
relative humidity in final storage (table 19) both with roots inocu¬ 
lated when freshly wounded and wdth wounded roots inoculated after 
10 days' storage at a temperature of 13® C. and relative humidities 
of 59 and 69 percent. The temperature of the storage following inoc¬ 
ulation was the controlling factor governing the percentage of infec¬ 
tion and the amount of decay. No infection occurred at any of the 
relative humidities at 12®, whereas at 29® it occurred at all the relative 
humidities. 

Notwithstanding the heavy inoculation following 10 dajrs' initial 
storage at temperatures of 26® and 29® and at relative humidities of 
92 and 97 percent, very little or no infection occurred at any of the 
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subsequent storage conditions, indicating fairly complete protection 
due to formation of wound cork at the favorable temperature and 
relative humidity of the storage chamber. 

RELATION OP TEMPER.4TURE TO RATE OF DECAY 


The effect of temperature on the rate of decay is shown by the 
average depth of decay obtained in cured sweetpotatoes inoculated 
with Sclerotium bataticola when freshly wounded and from roots ini- 
tiall}^ stored for 10 days at a temperature of 13° C. and relative 
humidities of 59 and 60 percent before inoculation (table 19). In 

roots inoculated when 
freshly wounded, the 
maximum amount of 
decay during 10 to 
12 days' storage at 
various temperatures 
occurred at 29° (table 
19 and fig. 2, A). At 
temperatures above 
or below’ 29°, the rate 
of decay declined 
rapidly. A similar 
curve w’as obtained in 
connection with roots 
subjected to an initial 
storage at 13° and 59 
and 69 percent rela¬ 
tive humidity before 
inoculation and a sub- 
secpient storage at 
various tejuperatures, 
excei)t that the maxi¬ 
mum amount of de¬ 
cay occurred at 30° 
to 31° instead of at 
29° and that the 
amount of decay w^as 
less at most of the 
temperatures (table 
19 and fig. 2, 7^). 
Curve C in figure 2 
was plotted from the 
average depth of 
decay at a given 



TEMPERATURE Cc.) 

Fioi HE 2 —Depth of decay iii s^^eetpotat()e>s caused by Sclerotium 
bataticola at various temperatures .1, Roots inoculated when freshly 
wounded; fi, wounded roofs stored for 10 days at 13° C and at 59 
and 09 percent relative humidity Iwfore inoculation, C, a\eraf;e of 
A and B. 


temperature in the roots subjected to the tw^o types of treatment 
The curve is slightly smoother and the optimum lies between 29° 
and 30° to 31°. It wdll be remembered that the optimum temper¬ 
ature for growth of S. bataticola is 31 °. Unfortunately, a temperature 
between 31° and 37° was not employed in either the infection or 
growth experiments; had one been used it is possible that the optimum 
temperature for growth might have been shifted to a slightly higher 
temperature. The fact that the rate of decay in s ome instances ha 
been greater at 29°, and even at 28° (table 18)*in one experi n < i . 1 1 
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at 31®, would seem to indicate that the optimum temperature must 
lie between 28° and 31°. 

TEMPERATURE LIMITS OF INFECTION 

As has been noted in the results already discussed, the rate of in¬ 
fection and decay at a temperature of 12° C. is very slow. The 
results given in table 20 show this fact more clearly. The data were 
obtained from the roots stored at four relative humidities at 12° and 
at 15.5° and 17.5° in one of the experiments discussed in connection 
with table 19. The length of storage at these temperatures was 44 
days, after which the roots from all the conditions of storage were 
stored for 10 days at 21° and 89 percent relative humiditv. Not 
only was infection slow in taking place at all the conditions of storage 
but the advance of decay was relatively slight. In many instances 
Sclerotiutn hataticola was displaced by other organisms, especially 
forms of Fnmrium. These results indicate that 12° is near the lower 
limit for infection and decay. Incidentally, it will be noted that the 
roots initially stored at 20° and 92 percent relative humidity before 
inoculation continued to be jiractically free from infection. These 
roots likewise remained practically free from infection by such 
organisms as Fiisarhnn, etc., which often displace S. hataticola at a 
temperature of 12°. 



X*ABL£ 20 .—Relation of duration of storage to infection of sweet potatoes {Yellow Jersey variety) hy Sclerotium hataiicola at certain temperatures 

and relative humidities 
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The upper limit for infection of sweetpotatoes by Sclerotium 
bataticola has not been accurately determined, but judged by the 
rate of decay at 37° C. (table 19) and by the slowness of growth at 
40° and 42° (table 17), 37° approaches this limit. 

EFFECT OF DURATION OF INITIAL STORAGE OF WOUNDED SWEETPOTATOES ON 

INFECTION BY SCLEROTIUM BATATICOLA DURING SUBSEQUENT STORAGE 

In one experiment, 5 wounded roots (cross section tip) of the Yellow 
Jersey variety were stored at 29° C. and 96 percent relative humidity 
for intervals of 1 to 10 days, inclusive. At the end of 10 days all 
these roots, including 5 freshly wounded ones, were inoculated wdth 
Sclerotium bataticola by dipping the cut end into a mass of corn meal 
mixed with the fungus and were stored at 28° and 89 percent relative 
humidity for 28 days. One hundred percent of the roots inoculated 
when freshly wounded became infected, 80 percent of those inoculated 
after 1 day’s storage, 40 percent of those inoculated after 2 days’ 
storage, and 20 percent of these inoculated after 3 days’ storage. 
None of the roots inoculated after being stored for more than 3 days 
became infected. 

Another experiment, run with the Yellow Jersey and Nancy Hall 
varieties, was similar to the foregoing in all respects, except that (1) 
the initial and subsequent storage temperature and relative humidity 
were 25.5° and 94 percent, respectively, and (2) 2-day intervals 
between inoculations instead of 1-day intervals were used in the 
case of the Yellow Jersey variety. By the end of 24 days, all the 
Yellow Jersey roots inoculated when freshly wounded were infected 
and 60 percent of those stored 2 days before inoculation were infected, 
but none of the roots stored for more than 2 days before inoculation 
showed any infection. Eighty percent of the Nancy Hall roots 
inoculated when freshly wounded, 80 ])erceiit of those inoculated 
after 1 day’s storage, and 100 percent of those inocidated after 2 
days’ storage became infected. There was no infection in any of the 
roots inoculated after initial storage periods longer than 2 days. 

In a third experiment (table 21) cured Yellow Jersey roots were 
wounded in the usual fashion (cross section tip), stored at tempera¬ 
tures of 22°, 25°, 29°, and 31° C\, respectively, combined with high 
humidity, for periods of I, 2, 3, 4, and 5 days. Then they, with 
a check freshly wounded, were inocuhited witli Sclerotivm bataticola 
and stored for 16 days at 25° and 94 percent relative humidity, and 
for an additional period of 24 days at 21° and 91 percent relative 
humidity. 

No infection occurred in roots stored for more than 3 days at 31° 
(\, more than 2 days at 29°, more than 2 days at 25°, or more than 4 
days at 22°. Some variation in these limits of initial storage might be 
expected with a variation in the subsequent storage conditions. In 
other words, if the process of healing is not complete by the end of the 
initial storage period, infection may take place during subsequent 
storage that is sufiiciently unfavorable to the healing process and 
sufficiently favorable to the activities of the pathogene. If the process 
of healing is complete by the end of the initial storage period, sub¬ 
sequent storage has little effect on infection. 
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Tablk 21.—Effect of preliminary storage of wounded swcetpotaioes for periods of 
from 0 {check) to n days before inoculation on infection by Sclerotiuni bataticola 
during subsequent storage 


Storage ooTKiilions between time of wouinlmt; and iiiocn- Infection and decay after inocuialion 
lation and nnnd)er of roots tised and storage for periods indicated ‘ 
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jr» days 

40 days 
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-1 
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10 

89 1 

47 

80 
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94 ' 

1 
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20 

10 

20 

IS 

31 __ 

94 1 

2 

5 ! 

0 1 

0 

0 

0 

31 

94 

.4 

5 

20 j 

3 

20 

8 

31... . 1 

1 94 

4 

5 

0 

0 1 

0 

0 



5 

5 

0 

0 

0 

0 

29 _ 1 

! 97 

1 


20 j 

5 j 

20 

3 

29 . .. 1 

97 

2 

5 

0 1 

0 1 

20 

4 

29 . 

i 

3 

1 

9 

0 ; 

0 

0 

29. . 

97 


! 5 

0 

0 

0 

0 

29 .. . 1 

1 97 

5 

5 

0 

0 

0 ! 

0 

25 

; 95 


5 

20 

3 

20 

3 

21S . 

95 

1 2 

5 

40 

23 

40 

34 

25 . . .... 

95 

I 5 

5 

« 

0 

0 1 

0 

25... 

95 

: 4 

5 

0 

0 

0 ! 

0 

25 

95 

i •'* 

5 

0 

0 

0 

0 

22_ . 
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93 
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2 

5 

5 

40 j 
20 1 

91 

5 

40 

40 
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DISCUSSION AND CONCLUSIONS 

Soino of the factors influencing infection and decay of swoctpotatocs 
by the various pathogoncs discussed lierein arc as follows: Presence 
or absence of the pathogene, infection and decay by other fungi, 
amount of inoculum, wounding—including extent, type, and degree— 
suberization, periderm formation, temperature, humidity, and time. 

Rhizopus tritici and R, nigricans (rhizopus soft rot), Fusariurn 
oxysporum (surface rot), and species of Fusariurn (including F, 
oxysporum) causing end rot seem always to be associated with sweet- 
potatoes in storage, for in the absence of artificial inoculation some 
infection from these pathogenes generally takes place with certain 
types of wounds and under certain conditions of temperature and 
humidity. There are indications that R. tritici and R. nigricans are 
more abundantly present on the roots as the storage season advances 
than at harvest time. No information is available relative to the 
amount of F. oxysporum or other forms of Fusariurn present on sweet- 
potatoes at ditferent times during the storage season or the effect 
that a change in the amount present may have on the amount of 
surface rot and fusariurn end rot that develops. It is probable that 
under certain conditions of storage there is an increase during the 
storage season in the amount of these fungi present in the storage 
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houso. There are iridieations that Diplodia tuhericola and Scierotium 
bataticola are not always present on swcctpotatoes in storage. This is 
shown by the faet that infeetion rarely oeciirs in sweetpotatocs grown 
and stored in tlie vicinity of Washington, I). (\, although they have 
often been stored under conditions favorable for the development of 
the rots produced by tlu^se pathogenes. However, these fungi are 
fairly common in the southern portion of the sweetpotato areas, and 
in some localities are associated rather consistently with swcctpotatoes 
in storage, and decay will develop when the handling of the roots and 
the conditions of storage are favorable. 

Openings of some kind, such as ^^ounds, broken rootlets, lesions 
produ(‘ed hy other fungi, etc., in the skin of sweetpotatocs, through 
whicli the ])athogenes {RhizopuH trUlclj It. tiiyricanSy Fumrium 
osysjfonnn, other species of Fnsarlumy I >) plod la tuhericola, and 
Sclerotluin bataticola) of tin* various diseases discussed herein may 
enter, seem to lie an (‘ssential condition of infe(‘tion in the case of each 
pathogem*. (\>nsiderable indirect evidence obtained from time to 
time shows fairly conclusivi'ly that these fungi cannot penetrate the 
unbroken skin of the sweetpotato. This evidence is essentially that 
(1) infection is consistently associated witli wounding and (2) that 
infe(*tion is consistently absent in roots in which the unbroken skin 
has been expose<l to the action of the ])athogenes for various periods 
in the inoculation experiments and throughout the storage season in 
some of the storage experiments. 

Some, and jirobably all, of these fungi are able to penetrate sweet- 
potatoes through lesions produced by other fungi. The primary 
invader may be one of the foregoing fungi, or it may be a fungus that 
is abh* to penetrate unwounded sweetpotato tissue under special 
conditions [10). Forms of Fusarlum have been shown to commonly 
invade h»sions of Mucor raccmosufi, .Mteraarla, Rotnjtls, species of 
Itlilzopus, and lesions of mottleil necrosis. Dlplodla tuberlcola and 
Sclerotliun bataticola also have been observed to invade lesions pro¬ 
duced by some of these fungi. 

Injury such as that fuoduced by freezing temperature or by a 
temperature of 40*^ (\ and above may result in an invasion of some of 
these fungi when the roots are again restored to more normal tem¬ 
peratures. 

In the ])resence of the various pathogenes, mechanical wounding is 
the chief predisposing condition leading to infection of sweetpotatocs 
in storage. The wounding chietly responsible for decay of sweet- 
potatoes in storage and in transit results from harvesting and storing 
operations, handling in storage and in preparation for the market, 
gnawing by rodents in the storage house, and mishandling of railroad 
cars in transit. With an increase in the intensity and extent of w ound- 
inj^ there is an increase in the ]>ercentage of infection by RhizopUH 
tritici and R. nlyrlcatis. The relation of degree and extent of w ound¬ 
ing to infection by other pathogenes has not been studied. The 
character of the wounding is a factor in determining the occurrence of 
rhizopus soft rot, surface rot, and fusarium end rot. Infection by 
R, tnticl and R. nigricans takes place more readily in bruised than in 
cut or in sharply broken tissues. These pathogenes rarely invade 
sweetpotatocs through skinned areas, and the percentage of infection 
is small in roots in which the tip ends have been cut or broken off. 
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The absence of Rhizopus infection in skinned areas enables Fusarium 
oxysporum to establish itself whenever storage conditions unfavorable 
to suberization and periderm formation are sufficiently prolonged to 
permit infection. Likewise the absence of Rhizopus infection in roots 
in which the tip ends are cut or broken off enables species of Fusarium 
or other organisms under certain conditions of storage to invade the 
wounded tissues and thus produce end rot. Invasion by species of 
Fusarium and Penicillium occurs in wounded tissues of any kind 
when the conditions of storage immediately after wounding are un¬ 
favorable for healing, the duration of storage is sufficiently long, and 
the wounds are not inv^aded by species of Rhizopus^ Diplodia tu- 
berieoluy or Sclerotium baiaticcla. 

The presence of a suberized layer in wounded tissue at times seems 
to inhibit infection by various pathogenes, and in some instances may 
prevent infection, although this fact has not been clearly established. 
Since the formation of a suberized layer is an essential preliminary 
to periderm formation, its power of inhibition in some instances 
probably is a decisive factor in delaying infection until the more 
effective barrier (the jieriderm) is develojied. A periderin coexten¬ 
sive with the wounded area forms an almost, if not quite, perfect 
barrier against infection by any of the foregoing pathogenes. 

Infection of wounded sweetpotatoes by the various pathogenes 
sometimes occurs during storage subsequent to a 10 days' initial 
storage at temperatures of 12° to 19° C. combined with high humidity. 
Suberization occurs at all these temperatures (12° to 19°) within 10 
days. The presence of such infection during subsequent storage 
indicates tliat either suberization is not coextensive with the wounded 
tissue by the end of the initial 10-day storage or that it is not an abso¬ 
lute barrier to infection. The earliest that periderm formation has 
been observed to occur at 12° is 25 days; in one instance it occurred 
within 11 days at 14.7°, but in another it was absent after 10 days 
at 15.7°, and 11 days was required for its formation at 19°. The time 
required for periderm formation also varied somewhat witli the lot 
of roots used, and even if it was found ])resent in a given case it may 
not always have been coextensive with the wounds. The histological 
study was confined to limited samples that were representative of the 
tissues involved but were never coextensive with the wounded tissues 
concerned in the infection experiments. It will be seen from these 
considerations that 10-day storage at temperatures of 12° to 19° 
probably does not always insure complete healing. In the absence 
of healing during the initial storage period some infection may occur 
or periderm formation may go on to completion, depending upon 
the temperature and humidity of the subsequent storage. 

Temperature, in addition to being an indirect factor in infection 
and decay of sweetpotatoes because of its influence on suberization 
and periderm formation, is a direct factor in determining the limits 
of infection and in its effect on the rate of infection and decay. 

That either free moisture or high atmospheric Jiumidity is favorable 
to the growth and infection activities of the various pathogenes is 
shown by the fact that they grow well on carrot agar and readily 
decay the moist tissue of sweetpotatoes. It is believed tliat air 
moisture may become a limiting factor in the growth and infection 
activities of these fungi if reduced beyond a certain atrnospheric 
content. This problem has not been the object of special study 
except in the case of infection by Rhizopus under certain conditions. 



Feb. 15,1935 Factovs Affecting Infection and Decay of Sweetpotatoes 327 


At a temperature of 23*^ C. infection in halved roots is limited at 
relative humidities below 75 percent and almost excluded at relative 
humidities of 48 to 50 percent, because of the effect of this reduction 
in moisture upon the pathogenes. The effects of relative humidity 
on these fungi at temperatures of 12® and 28® are not so definitely 
known. Atmospheric humidity is a more important factor as it 
indirectly affects infection by all the storage rot fungi under considera¬ 
tion through its effect on suberization and periderm formation than as 
it affects these fungi directly. Not only is this healing process 
limited to certain relative humidities, but its rate is increased as the 
relative humidity is raised above the lower limit of suberization and 
periderm formation. 

The time recjuired for the initiation of decay by the various patho- 
genes varies with the pathogene, the temperature, and the humidity of 
the storage chamber. This period also may be affected by the rate 
of suberization and jieriderm formation, wliich also varies with the 
temperature and humidity of the storage chamber. Whether the 
])eriod during which wounded sweetpotato roots are exposed to a 
given storage condition is a limiting factor in infection depends on 
its duration and on the disease, the amount of inoculum present, 
the type of wounding, and the subsequent storage conditions. 

SUMMARY 

During storage the infection of sweetpotatoes by the various stor¬ 
age-rot fungi is influenced by the occurrence of these pathogenes. 
lihlzojpUH higricans^ R, iriiiciy Fvmrivm oxysponjjhy and species of 
Fusarium (including F, ojysportnn) that cause end rot are generally 
found associated with sweetpotatoes in storage, whereas the occur¬ 
rence of DiplodUi iubericola and Sclerotium baiaiicola is more regional, 
being more commonly limited to the southern portion of the sweet- 
potato area. 

Injury of some kind, such as is produced by wounds, by extremes 
of temperature, or bv other fungi, seems to be an essential preliminary 
to infection by all the foregoing pathogenes. Mechanical wounding 
is by far the most important type of injury leading to infection. 

Infection of sweetpotatoes by the various pathogenes is influenced 
by the extent, degree, and kind of wounding. Rhizopua infection is 
favored by bruising and extended wounding, and rarely occurs in 
skinned areas or in roots with tip ends sharply broken or cut off. 
Surface rot (Fumriurn oxysporum) occurs in skinned areas, through 
injured sprouts or in tissue beneath the sprouts that has been wounded 
by breaking them off, and through broken secondary rootlets in un- 
ciired roots. Species of Fusarium invade wounded tissues in roots 
stored at conditions of temperature and humidity that prevent or 
greatly retard wound-cork formation. A large percentage of the roots 
with tip ends cut or broken off and stored under such conditions be¬ 
come infected with Fnsarmm. 

A suberin layer seems to inhibit and may sometimes prevent infec¬ 
tion by the various fungi. 

A wound-periderm layer is an effective barrier against infection by 
various storage fungi and retards the loss of moisture and consequent 
shriveling. 

Judged from the infection data as well as the histological study, 
the rate of wound healii^ tends to increase as the temperature (com¬ 
bined with relative humidities above 90 percent) is raised from 12® to 
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about 32"^ C., when it commences to decline. Twenty-five days was 
required for periderm formation at 12®. 

If the moisture content of the air of the storage chamber is reduced 
beyond a particular point at each of the temperatures 12®, 23®, and 
28° to 29® C., healing of wounds in sweetpotatoes will not occur. As 
the moisture content of the air is raised above this point the rate of 
healing tends to increase. The range of relative humidities at 12® at 
which healing occurs is narrow (between 90 and 100 percent). As the 
temperature is raised to 23® and 28® to 29° the range of relative hu¬ 
midities at which healing takes place becomes progressively wider, 
the extent of the range depending somewhat on the duration of storage. 

Temperature as it affects the fungi producing the various rots is a 
factor in determining the rate and limits of infection. Although rate 
of infection increases as the temperature is raised above a minimum, 
the data show that the iiuTcase in rate is not as marked as in the case 
of wound healing. 

There are indications in certain instances that as the moisture con¬ 
tent of the air of the storage room is reduced beyond a certain point 
it tends to limit infection by its a<‘tion on the j)athogenes. 

The o])tinium, minimum, and maximum temperatures for growth 
of Diplodia tubericola are a})proximately 29® to 31®, 8® to 13®, and 
37° to 40® C.f res])eclively. Infection of sweetpotatoes l)y I), iu- 
hericola has been obtained at temperatures from 12® to 37®, the most 
rapid decay occurring at 29® to 31®. The optimum, minimum, and 
maximum temperatures for growth of Sclerotium bataiicola are 
approximately 31®, 8®, and 42® (\, respectively. Infection of 
sweetpotatoes by S. bataiicola has been obtained at temperatures from 
12° to 37®, the most ra])id decay occurring at 29® to 31®. 

The data presented show that if sweetpotatoes are subjected to 10 
days of curing at temperatures from 22® to 32® C\, combined with 
relative humidities of 90 percent and above, protection is developed 
in wounded tissue against the loss of moisture and consetpient shrivel¬ 
ing and against infection by Rhizopus iriiwiy R. rdgru'aiiSj Fusarmm 
orysporuTUf species of Fusarium causing end rot, Diplodia tubeticola, 
and Scleroiiuai bataiicola . These and other data show that this pro¬ 
tection is more effectively maintained in storage at 10® to 15® if 
the relative humidity, after curing, is above 80 ])ercont. 

If wounded sweetpotatoes are stored 10 days at temf)eratures from 
12® to 37® C., combined with relative humidities above 90 percent, 
before inoculation in the case of Diplodia iubericola and Sclerotium 
bataiicola and without inoculation in the case of Rhizopm iriiici, R, 
nigricans, Fusariiim ojnjsporum, and species of Fusarium causing end 
rot, infection during subsequent storage at different conditions is 
usually limited to roots stored at initial tem{)eratures of 12® to 19® C. 
(sometimes as high as 21°), increasing with a lowering of the tempera¬ 
ture. Since storage for 10 days at initial temperatures between 21® 
and 32® (combined with high humidity) i)ermitted the wounded 
tissue to heal, these combinations gave almost complete protection 
against infection during subsequent storage at various conditions of 
temperature and relative humidity. As the initial temperatures were 
raised above 32® there was sometimes greater infection during sub¬ 
sequent storage than in roots initially stored at 21® to 32®. 

Five days of initial storage of wounded sweetpotatoes at 25® C. 
and 94 percent relative humidity and 3 days at 29® and 96 percent 
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relative humidity, before inoculation, were required for the roots to 
develop sufficient wound periderm to prevent infection by IHplodia 
inbericola during subsequent storage. In the case of Scleroiium 
baiaiwola^ the length of initial storage required to prevent infection 
during subsecnient storage was 4 days at 31® and 94 percent relative 
humidity, and at 29® and 96 to 97 percent relative humidity, 3 days 
at 25® and 95 percent relative humidity, and 5 days at 22® and 94 
percent relative humidity. 

Infection by Diplodia inbericola and Scleroiium baiaiicola took place 
as readily in roots wounded and stored for 10 days at 13° C. and 
relative humidities of 59 and 69 perccmt before inoculation as in roots 
inoculated when freshly wounded, showing that healing had not taken 
place under these conditions. A 10-day initial storage of wounded 
roots, before inoculation, at 26® and 29®, combined with 92 and 97 
percent relative humidity, respectively, prevented infection during 
subsequent storage, showing that these initial storage conditions were 
favorable to wound healing. 
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VARIATION AND CORRELATION IN GRAIN YIELD 
AMONG 1,500 WHEAT NURSERY PLOTS ^ 

By Gustav A. Wijcbe * 

Assistant agroriomist^ Division of Cereal Crops and Diseases^ Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In the future, increased ^rain yields of wheat probably will be 
secured by smaller and smaller increments, and the agronomist will 
have to use a finer, more accurate sievein order to isolate the 
more productive wheats. This paper analyzes the variation and 
correlation in grain yield among 1,500 wheat nursery plots. Certain 
of the facts outlined will, the writer believes, permit the estimation 
of a smaller experimental error and show why some seeding arrange¬ 
ments give better results than others. 

In the past many experiments have been conducted to study the 
variability of field crops of all kinds and the means of reducing it to a 
minimum. For this purpose uniformity trials similar to the one 
about to be considered have generally been used, (bmparatively 
little work has been done, however, toward determining the correla¬ 
tion between adjacent plots and those at a greater distance apart. 
This paper, therefore, is largely concerned with this part of the 
problem in relation to the general question of variability. The fol¬ 
lowing investigators have considereci various phases of the question: 
Mercer and Hall Hall and Russell (9), Montgomery (Iff, 17), 

Kiesselbach (/»?), Lyon (/>^), Day (5), Stadler (/^, 19)y Haves {12)y 
Forster and Vasey (6*), (xarber, J^I<*llvaine, and Hoover (7), String- 
field (20)y Student (/), Summerby (^/), Wood and Stratton (24)j 
(iritree (cS’), Engledow and Yule (4), C^hristidis {2), and Harris (10, 11). 
These are referred to later as they touch u])on the subject matter 
considered. 

MATERIAL AND METHODS 

The material for this study consisted of 1,500 rows of Federation 
wheat (C\ I. no. 4734),^ which is well adapted to the region where it 
was grown. The seed was pure. The crop was grown in the summer 
of 1927 on the west end of series 100 on the Aberdeen Substation, 
Aberdeen, Idaho. The ground had been uniformly cropped the 
previous year to field peas. The plot was seeded on April 18 with a 
grain drill that sowed eight rows at a time. The rows w^ere 12 inches 
apart and 15 feet long. Because the land sloped gently to the south 
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and west, levees were necessary at 15- and 8()-foot intervals. Figure 
1 shows the general arrangement and the system of identifying 
individual series and rows. During the growing season the ero]) was 

North 





m foot 

Fir.t'RE 1 —Field plan of ulll^ollnll^ evpenmonts. sli(»uin }4 uorioiul arraninnnenl of rows Senes 2 and .1, 
4 and .*>, were grown as :i()-fooi rows but weie cut in l.Vfoot lengths at hur\cst lime. 

irrigated four times. The average annua! rainfall at Aherdeen is 
about 7 inches. The individual rows were harvested in August and 

North 



threshed with a small nurseiy thresher. The grain yields, recorded 
in grams per row, are shown in table 1. A contour map of the yields 
obtained in the plot is shown in figure 2. 
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The wheat yielded 63 bushels per acre, which is above the average 
for that region. No disease or insect damage w^as noticed. Although 
the height of plants and the weight of straw per row were recorded, 
only the yield of grain is discussed in this paper. 

Table 1. Yield of grain from each of 1^500 15‘fool rown of wheats 12 inches 
apart, grouped in 12 series of 121? roir^ each 


Series 

Senes 

Series 

Series 

Senes 

Series 

Sorias 

Series 

Series 

Series 

Senes 

Series 

1 

2 

3 

4 


6 

7 

8 

9 

10 

11 

12 

715 

.505 

5K0 

580 

015 

610 

.540 

515 

.5.57 

66,5 

.560 

612 

77(1 

710 

655 

075 

700 

690 

.565 

,585 

.5.50 

.574 

511 

618 

7(>() 

715 

690 

09') 

(.55 

725 

665 

64') 

665 

70.5 

644 

70.5 


015 

08,5 

,555 

585 

630 

.550 

,520 

5.53 

616 

57.3 

.570 

75.'i 

730 

070 

.580 

.545 

62') 

580 

.525 

49.5 

.565 

,599 

612 

745 

070 

.585 

.5)10 

5.50 

710 

590 

.545 

.5:i8 

.587 

6!)() 

(ifi4 

($45 

000 

.550 

.520 

4.50 

630 

535 

.505 

.5.30 

536 

611 

578 

.W5 

405 

455 

470 

445 

,555 

5'K) 

450 

42.0 

461 

.5:41 

.5.59 

5(iri 

.540 

4.50 

.500 

505 

.595 

.545 

.530 

498 

.5.38 

4.53 

600 

♦>H5 

TJIO 

0)0 

.500 

5.55 

645 

60,5 

.5:4.5 

534 

59,3 

016 

6.18 

755 

810 

0)15 

570 

525 

715 

6.50 

.5.50 

613 

607 

742 

657 

040 

035 

,585 

405 

430 

615 

.5.50 

.515 

.369 

403 

n;45 

.567 

725 

055 

.5.30 

4.55 

405 

.560 

.5.50 

460 

4.55 

50.4 

519 

5.55 

715 

775 

015 

.545 

.5.30 

685 

.595 

510 

.507 

.561 

.581 

5.37 

7(K) 

705 

555 

440 

4.5,5 

6;io 

5.55 

425 

476 

648 

.532 

5.52 

040 

0.55 

495 

435 

485 

.585 

47.5 

405 

422 

516 

4.58 

5.59 

020 

035 

495 

445 

4,55 

621 

.505 

46.5 

419 

.591 

545 

537 

750 

030 

555 

4,55 

510 

575 

.530 

470 

427 

.54.5 

552 

.582 

700 

075 

010 

.540 

,530 

675 

580 

460 

.513 

.599 

.59.5 

675 

030 

045 

490 

445 

440 

.58.5 

UK) 

420 

100 

.542 

474 

.563 

025 

,540 

495 

415 

44,5 

.5.30 

440 

4.30 

4.5.5 

48.5 

461 

.533 

070 

070 

.500 

4S5 

445 

,590 

.555 

4.50 

.516 

570 

5.53 

623 

055 

030 

.540 

4)15 

400 

.560 

465 

4:4,5 

466 

454 

4.58 

.5f).3 

570 

535 

525 

4.55 

415 

510 

460 

420 

393 

482 

425 

446 


405 

510 

480 

.395 

.5.55 

440 

450 

437 

.541 

525 

514 

(ioii 

(i45 

595 

515 

470 

,5,50 

51.5 

44.5 

.5')8 

.508 

.517 

.5.13 

730 

730 

710 

.505 

105 

640 

.5)55 

.55) 

494 

.591 

594 

.597 

020 

035 

595 

185 

435 

.5.30 

490 

470 

465 

.521 

4.54 

5.37 

1 02) 

000 

.5.11) 

4.55 

125 

,515 

395 

4.5.5 

482 

484 

.50.5 

578 

0(»5 

085 

085 

.52.) 

IHO 

.525 

,5.50 

4f».5 

497 

596 

563 

631 

02') 

005 

510 

440 

1.50 

.500 

470 

41.5 

510 

.531 

478 

514 1 

015 

525 

010 

515 

395 

510 

4,5.5 

.530 

485 

.554 

448 

5)3 f 

505 

(i25 

000 

44!) 

435 

510 

51.5 

.525 

500 

.522 

496 

514 

040 

.580 

0,30 

485 

480 

610 

.525 

515 

.574 

.■>25 

458 

518 

005 

050 

09,5 

550 

515 

685 

.570 

525 

613 

,5(>0 

,532 

52.5 

0.'10 

010 

.545 

405 

400 

.5.55 

.500 

57,5 

438 

477 

480 

.507 

505 

555 

.580 

505 

405 

.540 

42.5 ! 

490 ! 

467 

479 

444 

507 

015 

035 

000 

.5.50 , 

1 .525 

645 

.51.5 

.520 

177 

.510 

465 

. 5 : 1:1 

705 

000 

595 

495 

405 

.59.5 

4.50 

.505 

117 

489 

:499 

. 5 . 1:1 

,575 

.530 

000 

400 

no 

.500 

460 

,50.5 

1.59 

431 

438 

.578 

530 ! 

555 

570 

4,50 

425 

190 

4.50 

49.5 

VJh 

44:4 

419 

469 

715 1 

080 

085 

,505 i 

.53.5 

600 

49.5 

180 

474 

401 

49,5 

533 

705 

715 

740 

.5i)0 

585 

58.5 

535 

.560 

.518 

51.4 

,54! 

518 

000 

035 

020 

495 1 

510 

.585 

.520 

47.5 

444 

40.5 

5)9 

469 

015 

580 

,505 

4W) 

.505 

.5,5.5 

1.50 

470 

468 

442 

471 

481 

000 

045 

0.30 

0(M) 

.505 

645 

.530 

,5.50 

4.54 

474 

.55)2 

.548 

075 

015 

040 

50.5 

.550 

615 

.5:4.5 

.5’M) , 

465 

4.56 

.513 

563 

770 

025 

085 

570 

575 

68.5 

.540 

475 1 

.534 

456 

467 

.548 

005 

700 

770 

510 

.515 

6.85 

530 

495 { 

.508 

4.54 

422 

600 

flftO 

000 

705 

570 

.545 

645 

.5(K) 

.540 

494 

500 

5.12 

687 

720 

7,30 

825 , 

005 

005 j 

665 

520 

.5.50 

.584 

546 

.537 

630 

070 

040 

710 

.5tK) 

,535 

,575 

495 

1.5,5 

512 

497 

465 

600 

055 

.500 

675 

575 

515 

570 

41N) 

470 

460 

427 

472 

589 

7H0 

700 

855 

025 

575 

6.55 

.530 

540 

.57.5 

,5!i2 

503 

582 

750 

705 

770 

675 

.560 

.565 

510 

43.5 

486 

470 

,502 

570 

585 

020 

085 

620 

.550 

520 

435 

460 

429 

485 

5.34 

, 619 

005 

005 

080 

570 

.500 

560 

445 

46.5 

461 

46:4 

5:i3 

627 

735 

700 

790 

045 

605 

.595 

.560 

48.5 

466 

487 

476 

645 

705 

705 

8,50 

7(K) 

65,5 

(W5 

540 

470 

.521 

582 

.581 

7.5') 

(f45 

085 

720 

010 

.520 

.550 

460 

440 

425 

48.5 

462 

698 

(W) 

005 

065 

030 

510 

575 

445 

430 : 

4:13 

423 

450 

627 

0H5 

840 

875 

640 

575 

625 

.570 

490 1 

514 

.5;i9 

486 

717 

005 

780 

790 

575 

.520 

6(K) 

545 

479 

4.55 

486 

488 

619 

705 

745 

840 

710 

640 

610 

,500 

530 

498 

479 

4.14 

.571 

055 

735 

840 

640 

610 

585 

.560 

4,50 

469 

.562 

4.5!) 

570 

040 

880 

795 

660 i 

580 

61.5 

.585 

460 

461 

472 

504 

6')0 

700 

765 

890 

770 

660 

690 

575 

490 

485 

475 

509 

582 

670 

690 

785 

645 

610 

560 

5.35 

405 

474 

4.55 

4.58 

.5,55 

685 

790 

770 

665 

600 

545 

555 

390 

:489 

461 

439 

615 

660 

825 

960 

750 

600 

680 

620 

510 

501 

490 

,5:i4 

694 

706 

805 

860 

635 

640 

650 

555 

435 

479 

457 

4.51 

649 

610 

720 

706 

616 

540 

625 

595 

:180 

379 

483 

502 

608 

640 

735 

805 

665 

535 

605 

580 

430 

427 

441 

498 

638 

600 

855 

905 

700 

615 

650 

015 

495 1 

631 1 

448 

45:1 

645 

716 

766 

945 

820 

695 

760 

685 

530 I 

511 1 

580 

510 

762 


12S001—3{>-4 
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Table 1. —Yield of grain from each of l^SOO 15^foot rows of wheat, 12 inches 
apart, grouped in 12 series of 121) rotes each —Continued 


Senes 

Series 

Series 

Series 

Series 

Series 

Series 

Series 

Series 

Series 

Series 

Series 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

m 

750 

825 

715 

580 

660 

655 

505 

414 

451 

542 

642 

6S5 

700 

790 

695 

595 

625 

510 

525 

425 

471 

478 

514 

775 

845 

996 

820 

655 

675 

640 

545 

474 

.513 

599 

,597 

«45 

870 

890 

740 

615 

655 

555 

490 

433 

558 ! 

.590 

.567 

725 

825 

920 

640 

600 

690 

575 

535 

451 

484 ! 

510 

567 

650 

865 

935 

690 

645 

640 

530 , 

520 

476 

507 1 

525 

563 

605 

R60 

960 

725 

615 

710 

660 

525 

438 

5.39 

646 

023 

735 1 

910 

975 

775 

680 

700 

770 

635 

.506 

526 

514 

638 

645 1 

745 

815 

700 

605 

615 

605 

550 

455 

.504 1 

.503 

589 

630 

810 

730 

635 

535 

650 

7.35 

.5:15 

4.58 

554 

535 

615 

680 

745 

840 

730 

645 

650 

775 

590 

.557 

.561 

565 

619 

620 

730 

775 

680 

610 

610 

680 

515 

537 

.535 

553 

570 

620 

745 

660 

565 

520 

6:i5 

610 

4.50 

476 

5.50 

.562 

575 

560 

675 

690 

635 

525 

605 

635 

515 

494 

516 

558 

6.59 

625 

700 

725 

645 

645 

580 

615 

640 

516 

618 

615 

604 

700 

765 

725 

615 

640 

705 

710 

.590 

619 

627 

620 

645 

685 

785 

655 

600 

570 

615 

670 

.575 

506 

602 

530 

600 

625 

550 

590 

590 

605 

505 

560 

.595 

.5.39 

629 

571 

698 

745 

790 

675 

600 

625 

685 

725 

695 

686 

608 

568 

672 

680 

670 

630 

640 

645 

6.50 

695 

610 

627 

579 1 

.537 

675 

655 

730 

615 

650 

640 

645 

6,55 

620 

611 

642 

685 

6:10 

625 

1 700 

675 

720 

695 

680 

720 

615 

595 

556 

648 

.578 

670 

735 

645 

620 

705 

695 

650 

580 

623 

.541 

580 

630 

670 

820 

685 

665 

715 

7IS 

790 

660 

658 

689 

725 

675 

555 

670 

590 

580 

550 

665 

640 

605 

553 

.580 

605 

6.38 

650 

685 

505 

525 

595 

1 590 

1 560 

575 

592 

559 

.584 

518 

625 

760 

625 

545 

635 

635 

670 

625 

672 

6.56 

577 

645 

620 

740 

575 

565 

595 

610 

650 

595 

515 

641 

533 

623 

580 

650 

570 

575 

450 

445 

670 

645 

587 

634 

.534 

574 

615 

705 

550 

515 

530 

485 

610 

570 

565 

652 

518 

623 

675 

690 

615 

610 

560 

625 

745 

540 

584 

616 

505 

668 

720 

820 

720 

650 

590 

615 

770 

645 

615 

755 

625 

713 

640 

780 

640 

660 

605 

540 

695 

580 

615 

679 

.540 

570 

630 

800 

715 

710 

605 

575 

490 

485 

.564 

665 

605 

582 

625 

830 

795 

765 

610 

630 

775 

630 

614 

1 760 

730 

619 

470 

685 

680 

735 

560 

580 

i 670 

610 

556 

1 .5,39 

488 

608 

445 

555 

605 

685 

540 

615 

610 

.525 

640 

1 6.39 

.594 

739 

400 

570 

555 

655 

475 

615 

715 

595 

.596 

740 

671 

; 795 

480 

495 

650 

690 

535 

600 

760 

a55 

488 

621 

1 578 

6)5 

555 

660 

715 

690 

635 

655 

775 

665 

6.52 

720 

1 689 

728 

520 

530 

650 

605 

480 

545 

1 585 

610 

561 

670 

622 

623 

490 

475 

595 

660 

475 

545 

6.35 

5.50 

.524 

.5:18 

626 

552 

500 

610 

590 

680 

555 

625 

670 

660 

.581 

61.3 

.58:1 

.58,5 

425 

560 

570 

570 

455 

605 

605 

.530 

.544 

645 

612 

.5,37 

535 

550 

540 

rao 

480 

.565 

745 

51.5 

467 1 

606 

563 

510 

560 

500 

560 

575 ! 

500 

475 

610 

575 

492 I 

.591 

.532 

4W 

530 

610 

600 

620 

4S0 

.585 

650 

570 

577 

612 

6.54 1 

630 

570 

58,5 : 

635 

765 

550 

67.5 

765 

620 1 

608 ) 

70.5 

677 

660 

505 

5{K» 

580 

655 

470 

,565 

.570 

.555 

.537 

.585 


619 

465 1 

430 

510 

680 

460 

600 

670 

615 

620 1 

.594 

616 ! 

784 


Five aspects of variation and correlation as a general problem are 
considered here: (1) Tne general variability of uie field, considered 
under an extended and a closed system; (2) the correlation between 
rows at different distances apart; (3) the intraclass correlation and 
variation \nthin combination plots compounded by different systems 
of replication; (4) the variation between combination plots com¬ 
pounded by different systems of replication; (5) the principle of 
maximum contiguity and its practical application. 

EXPERIMENTAL RESULTS 

GENERAL VARIABILITY UNDER AN EXTENDED AND A CLOSED SYSTEM 

In discussing general variability in yield, one must clearly dis¬ 
tinguish between the extended system and the closed system. 

In the present discussion an extended system is one in which, at 
each successive consideration of variability, more or less land is used. 
For example, if the variation of the 125 rows in series 1 is found, and 
the 125 rows of series 2 are added, making a total of 250 rows (each 
15 feet long), and the variation is again computed, then the general 
tnadlibility is investigated under an extended system. One may 
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increase or decrease the nunil)er of units of the same size, or one may 
keep their number constant and vary their size. In the present case 
both systems were used but always going from a smaller area of land 
to a larger one. 

In the closed system, on the other hand, the area of land remains 
the same, but the size and number of plots change. Under this 
system the variability of numerous smaller plots is studied first, and 
then a few larger plots are considered. In this study the increase in 
plot size may conveniently be limited to an increase m length of row. 
The size might also be increased by adding together rows lying side 
by side. The effect of shape of plot is discussed later. 

The problems to be determinea in such a study of plot variability 
are: (1) The variation when more and more land is added to the 
experimental area while the size and shape of the ultimate plot remain 
the same; (2) the effect when more and more land is added and the 
number of plots remains the same but their size is automatically 
increased; and (3) the variation when the entire area is used at each 
consideration but the plots differ in size. 

Many studies have already dealt with plot variability, but the 
literature does not often state under which of the two systems the 
work was done. 

To determine the general variability under the systems outlined 
above, the jiiean, the standard deviation, and the coefficient of varia¬ 
tion were calculated for each of the 12 series. These figures are 
given in table 2. The coefficients of variation ranged from 9.98 for 
scries 0 to 18.14 for series 3. The cx)ntour map (fig. 2) shows why 
this is true. Series 3 includes an area of relatively high yields, such 
as series 6 does not contain. More contour lines cross series 3 than 
series 6, and this map roughly indicates the variability existing at 
different points. 

Table 2. -Meatif standard deviation^ and coefficient of variation of grain yield for 
individual series of nursery plots of wheat 

(F.arh s«*ries inrludf^d 125 rows 15 feet in length] 

Mean yield per .‘Standard Coefficient of 

row deviation variation 

Orttimt Oram* 

644.7.20 81.47±>5.15 12.64d:»0.81 

(}82.98db a 90 100.23± 0.34 14. (IRzk . 05 
673.38ri:10 122.18:t 7. 73 18.14=fc 1.18 

596.26d: 8 51 95.18:±: 6.02 15.06:±; 1.03 

544.74^: 6.92 77.42db4.90 14.21d: -92 

609.38d= 5.44 60.84^: 3.85 9.98:1: .64 

581.22dt 8. 28 92.57db 5 85 15.93d: 1.03 

524.26d: 6.11 68.32±;4.32 13.03d: .84 

5iai8db 6.21 69.46d: 4.39 ]3.62d: .88 

546.66d: 6.83 76.34d: 4.83 13.06d: .90 

541.22db 6.48 72. 40d: 4. 58 13.38d: .86 

599. 7Sd: 6.07 67. Old: 4.30 11.32d: .73 


‘ Standard error. 

Table 3 gives the moan, standard deviation, and coefficient of 
variation, as determined under the extended system, where the plot 
size remains the same but successive increments of land are added. 
The upper section of table 3 shows the variation existing among the 
125 rows of series 1 at the west side of the field and then the change 
in variation from west to east as the other series (126 rows each) are 
added one by one. In the lower section of table 3 the same method 
is followed, n'om east to west. The coefficients of variation so deter- 
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mined are shown graphically in figure 3. As indicated by the data, va¬ 
riability tends to increase as more land is brought into the experimental 
area. Although the lines in figure 3 fluctuate somewhat, the trend 
is upward. As such increased variability is not expected if the laws 
of random sampling are fulfilled, evidently the laws of sampling have 
not been strictly adhered to. The difficulty lies in the correlation 
existing between nearby row’s and the significant differences between 
most of the means and standard deviations of the 125 rows of the 12 
series under investigation. The trend, therefore, should be upward, 
as is shown by table 2 in conjunction with table 3. To illustrate this 
point, consider series 1 and 2. Series 1 has a mean of 644.58 g and 
a coefficient of variation of 12.64 percent. Now, if series 2, which has 
a mean of 682.98 g and a coefficient of variation of 14.68 percent, is 
grouped with series 1, the inevitable result is increased variability for 
the larger area. Changes in variability of increased areas depend on 
two factors, namely, the mean and variability of the rows to be 
added in relation to the mean and variability of the row^s already in 
the experiment. Reduced variability of the enlarged experimental 
area is expected if the row^s to be added show less variability than 
those already under consideration and have a mean reasonably close 
to the latter, and also if they have an extremely sniall variability and 
a mean considerably different from that already in the experiment. 
On the other hand, increased variability is expected if the rowrs to be 
added have a greater variability than those already in the experiment 
and if their mean is reasonably’ close to the latter, and also if the rows 
to be added have less variability than those already in the experiment 
but a mean markedly different jFrom the latter. Sometimes the mean 
and sometimes the variability of the areas added is the more important 
factor in changing the variability of the larger area. 

Table 3.—Mean, standard deviation^ and coefficient of variation of grain yield 
for different series groupingsy from west to east and from east to west 

WEST TO EAST 


Series grouped (nos ) 

Rows > 

McJiii yield per 
row 

Standard 

deviation 

(’oefficient of 
variation 

1.-.-.. 

A’« mher 
125 

Gru m 

644 .58±2 7.29 

Or arm 

81 47^:* 6 15 

12 64d;20 81 

1,2.... 

250 

663 7H± 5 90 

93 33± 4 17 

14 06i; M 

1,2,3__-.-. 

37.5 

666 98=b 5. 37 

103.94:i: 3 80 

15.58± 58 

1,2,3,4.....- 

.500 

649 .30-t 4.76 

106 33dr 3.36 

16 38d= . 53 

1,2,3,4,5. - -. 

625 

624 39=b 4. 38 

l()9..51=h 3 10 

17.43=fc .61 

1,2,3,4.6.6... 

750 

625. 22± 3 77 

103.2,5± 2.67 

10.61± .44 

1,2,3,4,5,6.7. -.-. 

875 

61H. 94d: 3. 48 

102.94=fc: 2.46 

16 63=t . 41 

1,2,3,4,5,6,7,8—... - 

1,000 1 

607 lOrfc 3 29 

104.10:it 2 33 

17.15d= .39 

1,2,3,4,6,6,7,8,9. . 

1,12.'» 

596 33=t .3.14 

10,5. 34=h 2. 22 

17 664: ..38 

1,2,3,4,5,6.7,8,9,10. 

1.2.50 

591 36dr 2.94 

103 89=fc 2. 08 

17.57± .36 

1,2,3,4,6,6,7,8.9,10,11.. 

1, .375 

.586. 80± 2 76 

102 1 96 

17.464: .34 

1,2,3,4,6,6,7,8,9,10,11,12. 

1.500 

587 89=t 2. 58 

100.09± 1.83 

17.034: .32 


EAST TO W EST 


12 . 

12,11 . 

12 , 11,10 . 

12,11,10,9. 

12.11.10.9.3 . 

12,11,10,9,8,7.. 

12.11.10.9.8.7.6 . 

12.11.10.9.8.7.6.6 . 

12,11,10,9,8,7,6,6,4. 

12.11.10.9.8.7.6.6.4.3 - 

12; 11,10,9,8,7,6,6,4,8,2— 
Ull, 10,9,8,7,6,6,4.3,2,1. 


126 

699.7H4:»6 07 

67.914:M. 30 

11,324:* 0.73 

2.50 

670. 504: 

4.81 

76.064: 

3.40 

13.334: 

.61 

375* 

562.654: 

3.97 

76,974: 

2.81 

13.684: 

.51 

600 

549.464: 

3. .51 

78. 614: 

2.48 

14.294: 

.46 

625 

644.424= 

3.09 

77. 244: 

2.18 

14.194: 

.41 

750 

65a65db 

2.96 

81.174= 

2.10 

14.744; 

.39 

875 

658.964: 

2.76 

81.244: 

1.94 

14.634= 

.36 

1,000 

667.184: 

2.66 

80.904= 

1.81 

14.624: 

.83 

1,125 

661.524: 

2.49 

83. 624: 

1.76 

14.874: 

.32 

1,260 

672. 714: 

2.67 

94.324: 

1.89 

16.474: 

.34 

1,375 

682. 784: 

2.70 

100.044: 

1.91 

17.174= 

.34 

1.600 

687.894: 

2.68 

100.094: 

1.83 

17.084= 

.32 


1 Eftob fow 16 feet in length. 


> Standard error. 
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In table 4, under the extended system of determining general vari¬ 
ability, the number of plots is kept constant but their size is increased 
by lengthening the rows, or, in other words, by adding together the 



/ e J 4 s a 7 s s /o // /i 

/i n /O 9 8 7 6 S 4 3 2 t 


/)/umber of senes grouped fa// rows /S feet /ong) 

Kiourk 3 -Trend of the coefncioiit of vanation. umler an exteiulert '•ysleni, when different numbers of 
senes are Kroiiinxi. from west to eust (solid line) an<l from east to west (dotted line) 

yields from rows the ends of which were adjacent to each other. 
The general trend of the coefricient of variation now is downward 
(fig. 4). In the former extended system, where the size of plot w^as 



iS so 4S 60 rs so tos /so iSS /so /6S /so 

/so / 6 S /so /SS /so /OS 90 7 S 60 4 S SO /S 

Lsngth of row (foot) 


Figure 4.—-Trend of the coefficient of variation, under an extended system, when the plot si*e Is increased 
by longtheuiiii; the row, from west to east (solid line) and from east to west (dotted line). 

kept constant, the variability tended to increase; but in the present 
case, where the plots are allowed to increase in size while remaining 
the same in number, variability tends to dei^rease. This reduction 
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may be explained on the basis that when the rows are added—for 
example, row 1 in series 1 and row 1 in series 2—the positive and the 
negative deviations tend to cancel each other. The variability is not 
reduced in proportion to the square root of the number of rows com¬ 
bined. It is less than expected, because correlation exists between 
the rows combined. The sharp increase in the coefficient of variation 
in table 4 when series 3 was added undoubtedly is a result of the high 
variability of this series, the coefficient of variation being 18.14 percent 
(table 2). In most instances the averages of the rows added together 
were more variable than those of the rows already in the experiment. 


Table 4. — Mean, standard deviation, and coeffiment of variation of grain yield 
for different series groupings, of 125 rows of various lengths, from west to east and 
from east to ivest ^ 

WEST TO EAST 


Series grouped (no.s.) 

Length 
of row 

Mean yield iwjr 
rnw' 

Standard 

deviation 

('oefflcieiit of 
variation 


Feet 

15 

Grams 

644. 58;t*7 29 

Grams 

81.47^*5.15 

12 64db»0 81 

1,2.-.-. 

30 

l,332.10il4.00 

156 9.90 

11 76± .75 

1,2,3. 

45 

2,002 66d:23. 60 

262 70±16.61 

13.12d: .84 

1,2,3,4... 

60 

2,600.42rh28.58 

319. 55jb20.21 

12.29± 79 

1,2,3.4.6. 

75 

3,144 74:*:34.05 

380 69±24.08 

12. lid: .78 

1,2,3,4,5,6... 

90 

3,750 50d=37. 06 

414 30±26.20 

11.05dr .71 

1 , 2,3,4,6,6,7- . 

m 

4,372 26=b42 34 

473. :«d:29.94 

10 83d: . 69 

1,2,3,4,5,6,7,8. 

120 

4,848 74±44.44 

496 80±31.42 

10.25dr 66 

1,2,3,4, .<1,6,7,8.9. 

135 

,5,369.()P±46.81 

52 : 1 . 10 

9 75d: 6»2 

1,2,3.4, f), 6,7,8,9,10. 

150 

5,910 .5(hfc49.82 

557. (Mdc36 23 

9.42d: . 60 

1,2,3,4,5,6,7.8,9,10,11. 

165 

6,457 70-b53,02 

692 79±37.49 

9.18d= .59 

1,2.3,4,5,6,7,8,9,10,11,12. 

180 

7. a54.50=t.56.76 

634.56:1:40.13 

9.00d: .57 


EAST TO WEST 


12. 

15 

599.78J=»6 07 

67.91d:»4.30 

11.32d:*0. 

12,11_ - .. 

30 

1.134.98d-l0,55 

117 97dr 7.46 

J0.39d: . 

12,11,10. 

45 

1,682.98drl5.68 

175. 32drl 1.09 

I0.42d: . 

12,11,10,9. 

60 

2.196 26d:20 73 

2.31,82d7l4.66 

10.56d: . 

12,11,10,9,8 - __ - 

75 

2.721.38d:25.6.5 

286 74d:18. 14 

10.544: . 

12,11,10,9,8,7.... 

90 

3,3rW.14d:32 20 

360 02d:22 77 

10.90d: . 

12,11,10,9,8,7,6.-.. - 

105 

3.918,50d:35.45 

396, 34db25 07 

10.11d: . 

12,11,10,9,8,7,6,5. -. 1 

120 

4,458. 02d:38 54 

4.30.91d:27.2.5 

9 67d: . 

12,11,10,9,8,7,6,5,4. 

135 

,5,a57 06d:44.94 

502. 42db31.78 

9.93d: . 

12,11,10,9,8, 7,6, ,5,4,3.. . 

1.50 

5.737. 70d:19 40 

552.35d:34.93 

9.63d: . 

12.11,10,9,8,7.6,5,4,3,2 - . j 

165 

6.406 8?d=.54. 72 

611. 76:d;38. 69 

9.f>5d: . 

12,11,10,9,8,7,6,5,4,3,2,1 . 

1X0 

7.0.54. .50d;.W 76 

m. 56d:40.13 

9.00db . 


.67 

.67 

.70 

.ns 

.62 

.63 

.61 


i The rows were lengthened by adding together the yields from rows which had their ends adjacent to 
each other. 

»Standard error. 


Under the closed system, a constant area of land is considered 
but different-sized subunits are used in studying its variability. In 
each study, furthermore, all the land is used. Table 5 records the 
data from a treatment of this kind. The size and number of the 
plots must necessarily change as the study progresses. The change 
m size in these data has been limited to a lengthening of rows. Figure 
5 shows graphically the relationships found. Under the closed system, 
theoretical curves can be calculated and compared with the actual 
one. These curves also are shown in figure 5. Only certain row 
lengths can utilize all the land each time the variability is determined. 
These lengths are 15, 30, 45, 60, 90, and 180 feet. A gradual reduc¬ 
tion in variability occurs as the length of row is increased. For the 
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15-foot rows it is 17.03 jiercent, for the 180-foot rows 9.00 percent, of 
the mean yield. Since increasing the size of plot is equivalent to 
averaging adjacent plots, this reduction in variability should be 
proportional to the square root of the number of plots in each group 
when, and only when, the intraclass correlation coefficient between 
the plots grouped is zero. The theoretical curve of reduction in vari¬ 
ability under these conditions is the lowest one shown in figure 5. 
It certainly does not agree with the actual remits. 

Since adjacent rows are positively correlated, as will be shown later, 
it is interesting to see what form the theoretical curve takes in com¬ 
parison with the actual when this fact is considered. To compute the 



FiuruK 5.- Trend of fhe emdlU-ieul of variation, under a cIo'umI .system, when rows of dilTerent lengths 
are wnsidertn! 'rhe the«iretieHl hues when r »0 and r5»^0 are also sliow n 


variability with r as an influencing factor, the following formula 
given by Yule (^5, p. 350) was used: 

[l + (»-l)r] 

where v* is the standard deviation of the combination plots desired, 
<r» the standard de\'iation of the ultimate plots, n the numlwr of 
ultimate plots in the combination plot, and r the intraclass coefficient 
of correlation for the particular combination plot under consideration. 
The intraclass coefficients of correlation have been calculated by 
Harris’ method, and the equation is given later. Table 5, column 8, 
records the intraclass correlations used in ascertaining the theoretical 
coefficients of variation in column 6. Now, columns 5 and 6 i^ree-y- 
a fact brought out veiy clearly by figure 5. Change in variability in 
a closed system of this kind is therefore a function of the number of 
ultimate plots combined and their intraclass correlation. General 
disregard of the intraclass correlation unquestionably accounts for 
the poor agreement between actual and theoretical curves. 
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Table 5. — Mean^ standard deviation^ coefficient of variation^ and intraclass correla¬ 
tion coefficient of grain yield for rows (if various lengthsy when the entire area is 
utilized for each row length ^ 


i 

Length 
of row 
(feet) 

Rows 

Mean yield 
l)er row 

Standard 

deviation 

Coefficient of variation 

Value 

of 

intra- 

claas 

correla¬ 

tion 

Actual 

Theoretical 
when ry^O 

1 

Theoretical 
when r-sO 

16 

A umber 
1.500 
750 
500 
375 
m 

125 

drams I 

587 89rfc * 2. 58 1 
1,175.30=b 6. 55 

1, 761. 46d-ll. 56 
2,350.1S±16. :>! 

3. 52ti 82:±:2H 71 
7,054 50dr56 76 

6'rfl ms 

100.00±U.83 
179 32± 4. as 

1 258 54zt 8. 18 
319 71=tll.68 
453. Q4±20 :U) 
ai4 56dr40. 13 

17 aSi* 0.31 
15 25rb 40 
14. 66±. 47 
13.59i:.51 
I2.86.-t.58 

9 OOtt 57 

17.03=fc2 0.32 
15.25± . 40 
14. 66d: . 47 

13 59db . 51 
' 12 86=t . 58 

9 00± 57 

l7.03=hM). 32 
12.03db . 32 
9.83± . 32 

8.51i: .31 

6 95i . 31 

4 91±. .31 


30. 

+0.604 
+ 611 
+.510 
+.484 

1 +. 214 

46. 

HO_ 

«0 . 

180. 


I The rows were lengthened l)y uddiiiR loeether the yields from rows which luui their ends adjfteent to each 
other 

Standard error. 


CORRELATION BETWEEN ROWS AT DIFFERENT DISTANCES APART 

In the previous section, the marked effect of the coefficient of intra¬ 
class correlation upon the variability between combination plots was 
pointed out. Student (/) makes the following: statement: “The art 
of designing: all experiments lies even more in arranging matters so 
that Vah (the correlation between paired plots) is as large as possible, 
than in reducing and With this in mind, a study was made 

of the correlation betw^een the ulthnate plots when the distance between 
them was varied. 

The method of calculating the correlations is as follows. Suppose 
the correlation coefficient between rows 8 feet apart is desired. It 
may be designated rig because the distance betw^een rows numbered 
1 and 9 is 8 feet. The correlation table is entered with rows 1 and 9 
of series 1 as the first pair, row’^s 9 and 17 as the second pair, rows 17 
and 25 as the third pair, etc. Thus there were 15 pairs for each series, 
or 180 pairs for the 12. The jirocedure of arriving at pairs in the otlier 
aeries was the same as for series 1. 

As noted above, the rows were sown with a grain drill that seeded 
eight rows at a time. At harvest time, it was noted that the distance 
between some of the rows w as not exactly 12 inches. The result w as 
a small amount of systejuatic variation within a drill width. Some 
variations also occurred in the distance between rows where one drill 
width of row^s bordered another. To avoid these systematic errors, 
no outside row of any drill width was used as a member of a pair in 
the present correlation study. Actually, in working out rjg, the cor¬ 
relation table w as entered with the first pair as rows 3 and 11, the 
second as 11 and 19, the third as 19 and 27, etc. For Vu the first pair 
was rows 3 and 6, the second 11 and 14, the third 19 and 22, etc. All 
the coefficients were calculated for rows 15 feet long. 

After the correlation scatters had been made they were coded, and 
r was computed by the following formula: 


2{(Ti cr2) 

A calculating machine and a short-cut method reduced the labor to a 
Tyiinimurn . 
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The values for r obtained at different distances are recorded in table 
6 and are shown graphically in figure G. Most of the coefficients cal¬ 
culated were on distances that lie in a north-south direction. To see 
whether an east-west direction would give a different value, the co¬ 
efficients for 18- and 36-foot distances were calculated. These are 



Otstonce between individual rovvs (feet) 

KnjrKE fi — Correlation between prain yields of l.Vbwf rows at dilTerent distancies apart The circles (o) 
indicate correlations w'hen the distance betw'eeri rows was In a north-south direction, and the crosses (-f) 
w hen the distance was eust-w'est Tlie line drawn to fit the points is a "freehand '* eur\e. 


sliown as crosses (4-) in figure 6; the circles (o) are for coefficients in 
a north-south direction. 


Table (> (\>rrelation between grain yield of the nlliniate rows {IS feet in length) 
when the distance separating them is varied 


i)in'cti()n and 
dist!in<*e fH»twtMM\ 
r<iW‘* (feet) 

(’orrelation 

C'<K*nK*ieri1 

Oirwtion and 

1 dLstwnee Iwtw een 
j lows (find) 

Correlation 

coefficient 

Xmth to xoiith 

1 

-i 0 H21 ; 

\ orth to xoiith 

32 

-fo awi 

2 

-1- 7M 1 

40 

+ 201 

,1. 

-f 82H t 


f.246 


-f 721 ' 

m - . 

» T. 170 

s . 

7m 

64 . . . . 

» 112 

12 

' t 77.i 

-^.710 ‘ 

Kaxt to a (ft 

1 

Ui 

-+ «<;7 j 

Ih . 

•f. 560 

2 i. . . . 

f 5 Hi i 

Mi - - 



> Not Mj?nilicuMtlv (iiflferent from /.ero. 


Figure i] shows that the correlatiott falls off as the distance between 
rows increases. The line drawn to fit the points in this figure is a 
freehand curve, not one fitted by statistical methods. The correlation 
decreases at an almost uniform rate as the distance increases. The 
two east-west values shown as (+) fit very closely to what would be 
expected on a north-south basis. The values calculated at the 56- and 
64-foot distances are +0.179 and +0.112, respectively, but these do 
not differ significantly from zero. All the other values are significant. 
The relationship shown here for the value of r and the distance 
between rows is discussed again later. 

INTRACLASS CORRELATION AND VARIATION WITHIN COMBINATION PLOTS COM- 
POUNDED BY DIFFERENT REPLICATION SYSTEMS 

The term ‘‘replication is used here in its broadest sense. Forming a 
combination plot from two adjacent ultimate plots is considered repli¬ 
cation just as much as if the plots had been distributed by some ran¬ 
dom or controlled system and at a greater distance from each other. 
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For this study the last 5 rows of each series were not used, so that 
120 rows remained in each series. This was done because 120, an 
even number, is exactly divisible by more numbers than is 125. The 
number of rows used, therefore, was 1,440 instead of 1,500. 

The relationsliips of replication to intraclass correlation and varia¬ 
tion within combination plots are considered under two aspects. 
(1) When the replicates are distributed by contiguous association, 
one may conveniently speak of size and shape of combination plot in 
referring to number and arrangement of the contiguous ultimate plots, 
to whose intraclass correlation and variation they have an important 
relation. (2) When the replicates are distributed non contiguously, 
they may be considered in two ways: (a) Completely at random and 
(6) at random within certain established limits. 

CoNTKiuous Distribution of Rkplicates 

In evaluating the iiitraclass correlation and variation within com¬ 
bination plots, the intraclass correlation coeflicient developed by 
Harris {10) and the analysis of variance by Fislier (5) were used. 
The equation for computing the value for the intraclass correlation 
coefficient r follows: 

, _ { IS{C,^) - S{p^)]^mlnin --1 )]} ~? 

... - 

where 

r=mean correlation between the yields of all the ultimate 
plots witliin a combination plot, 
total yield of a combination plot, 
yield of an ultimate plot. 

7n=number of combination plots. 

n=number of plots wdthin a combination plot. 

p=mean yield of the ultimate plots. 

<r;;=standard deviation of the ultimate plots. 

/S=summation. 

To illustrate tlie meaning of r obtained by this method, a combina¬ 
tion plot formed from 3 adjacent rows is used. There are then 

-- 2 —- or 3 pairs of yields to be entered in the correlation table, 

namely, yield of row 1 with yield of row 2, 1 with 3, and 2 
with 3. If the pairs are entered also as 2 with 1, 3 with 1, and 3 
with 2, the correlation table is made symmetrical. This reciprocal 
method of entry gives n(n—l) pairs of entries for each combination 

? lot, and thus the entries are made for all the other combination plots. 

'hus, r is the mean correlation coefficient between the yields of all 
the ultimate plots within a combination plot. A combination plot 
may be defined as one made by adding together the desired number 
of ultimate plots. For example, a plot having a width : length ratio 
of 4/30=0.1333 and a size of 8 rows is formed by adding rows 1 to 4 
of series 1 to rows 1 to 4 of series 2. The second plot is made from 
rows 5 to 8 of series 1 plus rows 5 to 8 of series 2, and so on for the 
other combination plots. 

The intraclass correlation coefficients were calculated for a number 
of plot sizes and shapes and are mven in tables 7 and 8. Table 7 
gives the value of r for varying plot sizes when certain definite plot 
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shapes are considered. In table 8 the value of r is for varying plot 
shapes when certain definite plot sizes are considered. The data show 
that the correlation becomes less with an increase in size when any 

f )articular shape of plot is considered, and for a constant size becomes 
ess as the plot becomes long and narrow. 

Tab LB 7 .—Relaiion of size of plot to intraclass correlaiion coefficient and to 
coefficient of variation of pield of grain within and between combination plots 
compounded by contiguous association, when different shaped plots are considered 


Shape of plot 

Com* 

Size of plot 

width 

bination 



length 

plots 

Rows 

Area 

h'ett Coefficient 

Nutntu’T 

Number 

Sq ft. 

15/15*1.0000 

90 

15 

225 

30/30*1.0000 

24 

00 

900 

«/15* .5333 

180 

K 

120 

21/46* . 51133 

20 

72 

1,080 

4/15* .2007 

300 

4 

60 

8/30* .2007 

90 

10 

240 

12/45* .2007 

40 

30 

540 

24/00= .2007 

10 

144 

2,160 

2/15* .1333 

720 

2 

30 

4/30- .1333 

180 

8 

120 

8/00- .1333 

45 

32 

480 

12/90= .1333 

20 

72 

1.080 

1/15= .0007 

3 1,440 

1 

1 15 

2/30= .0007 

300 

4 

00 

4/00= ,0007 

90 

16 

240 

6/90= .0007 

40 

36 

540 

12/180= .0007 

10 j 

144 

2,160 

1/30* .0333 
2/00= .0333 

720 i 

2 

*30 

180 

8 

120 

3/90= .0333 

80 

18 

270 

0/180= .0333 

20 

72 

1,080 

1/45= .0222 

480 

a 

45 

1/60= .0167 

300 

4 

60 

1/90= .0111 

240 

0 

90 

1/180= .0060 

120 

12 

180 


Intraolass 

Coefficient of variation 

correlation 




ctoefflcient 

Within com¬ 
bination plots 

Between com¬ 
bination plots 

+0.600 

lO.OO+'0.19 

14.18+M.04 

+.409 

12 50+ 

.23 

12.14+ 1 78 

+ 081 

9.70+ 

.18 

14.56+ .78 

+. 477 

12.40+ 

.23 

12.25+ 1.97 

+ 710 

9.30+ 

.17 

15.15+ .58 

+. 645 

11.57+ 

.22 

12.99+ .98- 

+. 532 

11. 74+ 

.22 

12.66+ 1.44 

+.350 

13.83+ 

.26 

10.77+ 2.44 

+.679 

9.72+ 

.18 

15.72+ .42 

+.604 

11.32+ 

.21 

13.60+ .72 

+.450 

12 .66+ 

.24 

11.79+ 1.26 

+.398 

13.32+ 

.25 

11. *21+ L79 
17.16+ .33 

+.558 

11.46+ 

.22 

13.99+ .53 

+. 471 

12.47+ 

.24 

12.18+ .92 

+.413 

13.15+ 

.25 

11.24+ 1.27 

+. 130 

16.00+ 

.31 

6 .68+ 1.50 

+.604 

10.71+ 

.20 

15.26+ .41 

+. 510 

11.93+ 

.*23 

13.03+ .70 

+.439 

12 .86+ 

.24 

11.77+ .94 

+.143 

15.88+ 

.30 

6.92+ 1.10 

+.611 

10.62+ 

.20 

14.68+ .48 

+. 616 

11 .86+ 

.22 

13.60+ .52 

+.484 

12.23+ 

,23 

1*2.87+ .60 

+.209 

15.26+ 

.29 

9.00+ .59 


t standard error. > Number of ultimate plots. 

Table 8 . — Relation of shape of plot to intraclass correlation coefficient and to 
coefficient of variation of yield of grain within and between combination plots 
compounded by contiguous association, when different sized plots are considered 


Size of plot 

Shafie of i)lot 

Combi- 

Intraclass 

Coefficient of variation 

Rows 

(number) 

Area 

widtjh 

length 

nation 

r>iot» 

correlation 

c*oc>fficient 

Within combi¬ 
nation plots 

Between combi¬ 
nation plots 

2 

Square 

feet 

30 

Feet Coefftcieni 
2/15=0. 133;i 

Number 

720 

-}-0.679 

9.72+iO. 18 

15 72+*0 42 

2 

30 

1/30= .(xm 

7*20 

+.604 

10.71+ 

.20 

15.26+ .41 

4 

60 

4/15= .2667 

360 

+. 710 

9.30+ 

.17 

15.1.5+ .58 

4 

60 

2/30= .0*167 

360 

+.564 

11 46+ 

.22 

13.99+ . 5:i 

4 

60 

1/60* .0167 
8/15= ,.*1333 

360 

+. 516 

11.85+ 

.22 

13.60+ . 52 

8 

120 

180 

+.681 

9.70+ 

. 18 

14.66+ .78 

8 

120 

4/30= , 1333 

180 

+. 564 

11.32+ 

.21 

13,60+ .72 

8 

120 

2/60* .IXiSS 

180 

+. 516 

11.93+ 

.23 

13.03+ .70 

16 

240 

8/30= .2667 

90 j 

+.545 

11.57+ 

.22 

12.99+ .98 

10 

240 

4/60* ,0667 

90 ' 

+.471 

12. 47+ 

.24 

12.18+ .92 

30 

640 

12/45* ,2867 

40 1 

+.532 

11.74+ 

.22 

12,66+ 1.44 

36 

540 

6/90* .0687 

40 

+.413 

13.15+ 

.25 

11.24+ 1.27 

72 

1,080 

24/45* .6333 

20 i 

+.477 

12.40+ 

.23 

12.25+ 1.97 

72 

1,080 

12/90* . 1333 
6/180* .0333 

20 { 

+.398 

13.32+ 

.25 

11.21+ 1.79 

72 

1,080 

20 

+. 143 

15.88+ 

.30 

6.92+ 1.10 

144 

2,160 

24/90* .2867 

10 

+.350 

13.83+ 

.26 

10.77+ 2.44 

144 

2,160 

12/180* .0667 

10 

+. 130 

16.00+ 

.31 

6 .68+ 1.50 

1 

15 

1/15* .0667 

M,440 



17.16+ .88 


I Standard error. 


s Number of ultimate plots. 







344 


Journal of AgricuUural Research 


VoL fiO, no. 4 


The trends in the value of the correlation are those expected on 
the basis that ultimate plots farther apart are less highly correlated. 
When two combination plots have the same shape, the ultimate plots 
of the larger are farther removed from each other than are those of 
the smaller. And since the value of r is based on all the possible 
n{n--l) pairs of the ultimate plots compounding a combination plot, 
a smaller value from the larger combination plot is expected, which 
is in fact the case. The same reasoning holds true when the combi¬ 
nation plot remains constant in size but changes in shape. In the 
long narrow plot the distance between ultimate plots that go to make 
up all the pairs is again greater than for a relatively square plot, and 
hence a lower value for r is to be expected. 

All the plot shaj)es given in tables 7 and 8, when not square, had 
their greatest length in an east-west direction. 

The variability of the ultimate plots within a combination plot is 
determined by two different methods that give identical results. 
In one, Harris^ intraclass coefficient is used in the equation 

where is the standard deviation of the ultimate plots within a 
combination plot; (Tp the standard deviation of all the ultimate plots, 
secured by dividing the squared deviations by n) and r the intraclass 
correlation coefficient. The other method is Fisher’s (5) analysis of 
variance. The principle will not be described here, being found in 
texts by Fisher ip) and Tippett {23), To illustrate the method, 
however, the variability within a combination plot of 16 ultimate 
plots and with a width : length ratio of 8/30=0.2667 was cojuputed. 
These data are shown in table 9. The second line of the table refers 
to that part of the variability which is within combination plots. 
The standard deviation found was 68.03, or 11.57 percent of the 
mean value of the ultimate plots. The equation 

r) 

gives an identical value. 

The coefficients of variation within combination plots are given in 
column 6 of tables 7 and 8. Table 7 gives the variability within 
plots for varying sizes when certain definite shapes are considered. 
Variability within combination plots decreases with a decrease in size 
when the shape remains the same. This result might be expected 
because contiguous plots tend to yield alike. As the intraclass corre¬ 
lation coefficient increases in value, the variability decreases within 
the combination plot. This follows from the relationships in the 
equation 

Table 8 shows the data arranged with size as the constant factor but 
with shape allowed to vary. Here the intraclass correlation increases 
and the variability within combination plots decreases as the ^hape 
of the latter approaches a square. 

The data show that the size and shape of combination plots have 
an important bearing on the intraclass correlation and variation 
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within them. Hence, when studying the size of combination plots 
in relation to the intraclass correlation and the variation within 
them, one should keep the shape constant. Conversely, when shape 
is being studied, the size should be held constant. 

Table 9. —Analysis of variance of grain yield beftveen and within combination 
plots compounded from 16 ultimate plots and having a width : length ratio of 
8130-:= 0.2667 


Variation 

DeKrees of 

Sum of 

Mean 

Standard 

Coefficient 

freedom 

squares 

square 

deviation 

of variation 

Betueeu combination plots 

Within comionation plots 

HU 1 

H, .393, K5.5 

94,31.3 0 

.307 10 

12.99 

1 . mi 

«, 24H, 202 

4,628.3 

OS. 03 

11 57 

Total 

i 

1,431# 


!0.175 2 

100 87 

17 16 


Noxcontujuous Distribution of Replicates 

The only difforonoe in studying intraclass correlation and variation 
within combination plots under this system and under the one just 
considered is in the distribution of the replicates. In the former 
study, where plot size and shape were emphasized, the replicates 
were distributed by contiguous association. In the present case, the 
replicates are distributed by noncontiguous association. The study 
has been carried out with two types of distribution: The replicates 
are distributed (1) completely at random and (2) at random within 
(*ertain arbitraiw limits. For 24 replicates, as an example, under the 
latter system of distribution, each of the 12 series was divided so 
that rows 1 to bO constituted one group and rows 01 to 120 another. 
This gave 24 groups i.n all. One replicate then fell at random within 
each of these groups. Under the first system of distribution the 
re^icates fell completely at random within the 1,440 row^s used. 

The data secured from this study a])pear in table 10. ITider both 
systems of distributing replicates, the variation wdthin combination 
plots of all sizes is alw ays higher than 17.10, the coefficient of varia¬ 
tion for the 1,440 ultimate plots in the study. This result was sur¬ 
prising, as the coefficients had been expected to vary around 17.16 
as a mean. The explanation is that i.n every case a small negative 
intraclass correlation exists, which*, when considered, enables one to 
calculate a theoretical figure agreeing with the one actually found. 
When the replicates are distributed completely at random, none of 
the intraclass coefficients, though all arc negative in sign, is signifi¬ 
cantly different from zero. When, however, the replicates are dis¬ 
tributed at random within arbitrary limits, all the intraclass correla¬ 
tions are again negative in sign and significantly so. The sipiificance 
of the intraclass correlations w^as tested by the c test of Fisher (5). 

For replicates distributed at random within arbitrary limits, the 
trend is definitely toward reducing both the coefficient of variation 
and the intraclass correlation coefficient as the number of replicates 
is increased. Perhaps no such trend exists when the replicates are 
distributed completely at random. 
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Table 10 .—Actual and theoretical coejfficienta of variation of grain yield within 
and between combination plotSy and intraclass correlation coejficientSj w^n the 
replicates are distributed \t) completely at random and (e) within certain arbi- 
trary limits 

REPLICATES DISTRIBUTED COMPLETELY AT RANDOM 


Repli¬ 

cates 

Coefficient of variation within 
combination plots 


Coefficient of variation between 
combination plots 

Intra- 

class 

corre¬ 

lation 

(r) 

(num¬ 
ber) » 

Actual 

Theoretical 

whenfrtO 

Theoretical 
when r=«0 I 

Actual 

Theoretical 

whenrzhO 

Theoretical 
W'hen r“0 

1 . 





17.16db>0.33 




3. 

17.39d:>0.33 

17.39=fc*0.33 

17.16±»0.33 

9.63d= .31 

9.63d;*0.31 

9 90d:>0.32 

-0.0275 

6 . 

17.24d= .33 

17.24d: .33 

1 17.16db 

.33 

6.82i: .31! 

6.82db .31 

7.00=b .32 

-. 0104 

32. 

17.24± .33 

17.24± .33 

i 17.16=b 

.33 

4.67± .30 

4.67d= .30 

4.95=h .32 

-.0099 

24. 

17.19db .33 

17.19=fc .33 

17.16=h 

.33 

3.35dr. 31 

3.35± .32 

3.50db .32 

-.0036 

48. 

17.21± .33 

17. 21± . 33 

17.16=b 

.33 

1 2.06=fc: .27 

2.06=t: .27 

2.48±: .32 

-.0066 

60. 

17.22± .33 

17.22d: .33 

17.16=t 

.33 

1 70rfc .25 

1.70± .25 

2.21d: .32 

-.0070 

180. 

17.18± .33 

17.18=b .33 

17.16d= 

.33 

. 89± . 22 

.89:1= .22 

1.28i: .32 

- 0029 

1 


Is r 

signifi¬ 
cant? 
(2 test) 


No. 

No. 

No. 

No. 

No. 

No. 

(») 


REPLICATES DISTRIBUTED WITHIN CERTAIN ARBITRARY LIMITS 


1.. 




17.16±30.33 

1 


i 


2. 

18.71:fc»0.36 

18.71:fc*0.36 

17.16=fc*0 33 

10.92=b .29 

10. 92i:»6. ^ 

12.13i:*0. 32 

-0.1898i 

Yes 

3. 

]8.03d= .35 

18.03± 

.35 

17.16± 

.33 

8.80=b .29 

8.80:1: 

.29 

9.90:i: .32 

-. 1052 

Yes. 

4. 

17.76=fc .34 

17. 76± 

.34 

17.16=1: 

.33 

7.60=b .28 

7.60db 

.28 

8.58db .32 

-.0716 

Yes. 

6.. 

17.66± .34 

17.66± 

.33 

17. 

.33 

5.88db .27 

5.88:t 

.27 

7.00i; .32 

- 0592 

Yes. 

12 . 

17.47=fc .34 

17.47d= 

.34 

17 

.33 

3. Sl± 25 

3.81± 

.26 

4 95:1= .32 

-.0370 

Yes. 

60. 

17.26:i: .33 

17.26=fc 

.33 

17.16d; 

.33 

1.15db .17 

1.15=b 

.17 

2.21db .32 

-.0124 

Yes 

180. 

17.18=fc .33 

17.18± 

.33 

17.16d= 

.33 

.87db .22 

.87d: 

.22 

I.28i: .32 

-.0030 

(») 


i Number of replicates refers to the actual number of ultimate plots compounding a combination plot. 
3 Standard error. 

9 The number of combination plots is too small for an accurate test. 


The existence of negative intraclass correlation coefficients has 
more than a passing interest. The negative correlation results from 
a reduction of the product moment in the equation for the calculation 
of r. That a negative r exists for combination plots compounded 
from two ultimate plots selected at random within arbitrary limits 
is shown by the contour map (fig. 2). Here the field was divided so 
that series 1 to 6 constituted one group and series 7 to 12 the other. 
The map shows that as combination plots are made by selecting at 
random one plot from each group, a high-yielding plot of the first 
group may ofkm be combined with a relatiVely low-yielding plot in 
the second. When such pairs are entered in a correlation table in 
excess of the normal amount as expected from a normal distribution 
solely on the basis of chance, then a negative value is obtained. 
Perhaps when the means of the two groups differ significantly, a 
negative intraclass correlation coefficient follows. In wie particular 
case considered, the means did differ significantly, and the value 
of —0.1898 for r (table 10) is significantly different from zero. 

VARIATION BETWEEN COMBINATION PLOTS COMPOUNDED BY DIFFERENT 
REPLICATION SYSTEMS 

Sometimes larger units than the ultimate one used in these experi¬ 
ments are desired. To investigate this phase of the problem the 
coefficients of variation for the larger plots were calculated. As 
in the preceding section, it is convenient to treat the variation be¬ 
tween combination plots when they are formed (1) from contiguous 
ultimate plots and (2) from noncontiguous ultimate plots. In the 
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former instance size and shape may conveniently be discussed in 
relation to variation, and in the latter the number and the systems of 
distribution of ultimate plots, as replicates in relation to variation. 

Contiguous Distribution of Replicates 

It is to the variability between combination plots that most inves¬ 
tigators have devoted their attention. In order to study this phase 
of the problem, the coeflBcients of variation were calculated for 
different sizes and shapes of combination plots. The data for the 
relation of size to variability, with shape constant, are given in 
table 7, and for the relation of shape to variability, with size constant, 
in table 8. The data show that the variability diminished as the size 
of plot was increased for any particular shape, and also as the shape 
of plot became long and narrow for any particular size. The results 



^ dro Fs /oo /so /^s eoo 

(J/fimcrfe p/ofs grouped (number) 

Fkmtke 7. -Coefficient of variation between combination plots in relation to replication by conti^oiis and 
noncontiguous association for variou*^ numbers of ultimate plots jnroup^. It is possible to calculate two 
additional theoretical curves, one of which will pass throufth the circles and the other throiiith the squara*:. 
representing the reduction in variation under two different systems of noncontiguous replication for 
various numbers of ultimate plots grouped. 

emphasize the importance of keeping shape constant when studying 
size and size constant when studying shape. 

The upper line (solid) of figure 7 shows the relationship between size 
of combmation plot and variation ter a particular plot shape of the 
width: length ratio=0.2667. For simplicity's sake the curves for 
the other plot shapes are not shown. They are, however, similar in 
type. The lower line (solid) (fig. 7) is the theoretical curve expected 
on the basis that the reduction in variation is proportional to the 
square root of rt, the number of ultimate plots grouped. A wide 
discrepancy appears between the two curves. However, by allowing 
for the correlation that exists among the ultimate plots compounding 
the combination plots, a second theoretical curve can be constructed 
which agrees perfectly with the actual results obtained. This curve 
is the dotted line just below the solid line in figure 7, Actually the 
two curves are identical, but on the planar graph they had to be drawn 

f parallel to each other. The reduction in variation is therefore a 
unction of n, the number of ultimate plots grouped, and of r, their 
intraclass correlation coefficient. The equation for computing the 
variation as a function of n and r has already been cited. 
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Noncontiguous Distribution op Replicates 

The usual practice in agronomic field experiments is to distribute 
several replicates of the treatments or varieties over the area on which 
the tests are made. In studying this type of procedure, combination 
plots were compoimded with different numbei's of replicates or ulti¬ 
mate plots distributed in different ways. Of the many possible 
systems of distributing the replicates only two are investigated in this 
study: (1) That in which distribution is completely at random and 
(2) that m which distribution is at random witliin certain arbitrary 
limits. Replicates may fall next to each other by chance, but such 
cases are exceedingly few and will not influence the results to any 
marked degree. 

The results of this study appear in table 10. The data show that 
the reduction in variation, as tlie number of replicates is increased, 
is much greater under this system than where the replicates are dis¬ 
tributed by contiguous association. This fact is shown graphically 
in figure 7. The reduction in variation is nearly proportional to the 
square root of the number of replicates used. In every case investi¬ 
gated, the actual reduction of variation was slightlv greater than that 
expected on the basis of a zero correlation coefiicient between the 
replicates of the combination plots. These discrepancies are caused 
by the existence of small negative intraclass correlation coefficients, 
the values for which are given in table 10. When these coefficients 
are considered, the theoretical figure for the variation agrees exactly 
with the one actually obtained. Table 10 shows this in columns 5 
and 6. Two theoretical curves can therefore be calculated, one passing 
through the circles and the other through the squares of figure 7. 

When the same number of replicates was investigated under both 
systems of distribution mentioned above, the reduction in variation 
was always slightly greater where the replicates were distributed at 
random within certam arbitrary limits. The difference is explained 
by the value of the intraclass correlation coi^fficient, the only factor 
left to vary when two systems involving the same number of replicates 
are compared. If the equation for computing the intraclass correla¬ 
tion coefficient is examined, the only variable that changes, r, evi¬ 
dently is the product moment part, as all the other variables remain 
constant. Hence, if one can explain why the product moment changes 
for different systems of distribution, the difference in variation follows 
logically. For the sake of brevity, it will suffice to show how the 
product moments differ for the 2 systems when only 2 replicates arc 
considered. Suppose the 2 replicates compounding a combination 
plot yielded ahke, say 500 g each. Then the product (500X500) will 
be a maximum. Any other division of the yields of the replicates, 
say 490 and 510, will give a product of lower numerical value. This 
une(|ual division of the replicates compounding a combination plot 
(an inequality too great to be caused by chance alone in drawing at 
random from a normally distributed population) probably explains 
the difference in the product moments. To illustrate more specificaUy, 
let the first replicate be selected from series 1 to 6, the second from 
series 7 to 12, both selections being at random witliin these areas. Now 
the mean yield of the ultimate plots of series 1 to 6 is 625.22±3.77 g; 
of series 7 to 12, 550.55±2.96 g. The difference (74.67±4.79 g) 
is highly significant. The product moment fonned by selecting the 
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first replicate from a group ranging around 625.22 as a mean and the 
second from one ranging around 550.55 is less than the product moment 
from two replicates selected at random around the grand mean of 
587.89±2.58 g. Obviously, the average difference between the means 
of the first and second replicates, each selected completely at random, 
would not exceed some 15 times its standard error except in a very 
large number of trials. 

As shown earlier in this paper, adjacent rows are positively corre¬ 
lated, and significant positive correlations are found between rows up 
to a distance of 48 feet apart. Now the establishment of arbitrary 
limits on a field of this kind tends to make the variation of the means 
(derived from the ultimate plots within the limits) greater than if the 
same number of \iltimate plots were selected at random. Since the 
means^ vary more, the product moment of the intraclass correlation 
coefficient of single replicates selected at random from within these 
delimited groups will be less, for the reasons just stated. Hence the 
variation between combination plots compounded by a systematic 
distribution of the replicates vriU usually be less than where the 
replicates are distributed completely at random. 

THE PRINCIPLE OF MAXIMUM CONTIGUITY AND ITS PRACTICAL APPLICATION 

According to Student (f, fp. 274-276)^ the principle of maximum 
contiguity in field-plot technic was deduced a priori by E. S. Beaven. 
Although the principle is not formally defined, its essence is contained 
ill the following statement by Student: 

♦ ♦ * naturally the nearer two plots are together the more likely.is the 

soil and its condition to be similar on each of them, and the obvious conclusion 
may be drawn that the smaller the plots the more exactly can the yield of adjacent 
plots be compared. 

Applied to the data under consideration, the principle may be 
stated as follows: Wlien the yields of nearby plots are correlated, the 
mean distance between the contiguous ultimate plots compounding 
combination plots has an influence on the variability within and 
between the latter. Hence the nearer the ultimate plots are together 
in a combination plot of a given size, the less will be the variability 
between these plots. 

The question as to the best size and shape of plot on which to place 
a single replication of a number of j,varieties may be approached on 
the principle of maximum contiguity, assuming that the variance 
between replications can be eliminated by methods given by Student 
(f), Fisher (5), or Engledow and Yule (4). Suppose three varieties 
of wheat are to be tested for their yielding ability. In the United 
States, the ultimate unit of small-scale testing is usually a three-row 
block, 15 to 18 feet in length, of which only the center row is harvested. 
The rows are usually 12 inches apart, and sometimes their ends are 
discarded before cutting to eliminate any border effect. A total of 
nine rows then will be needed to test the three varieties, which are 
distributed at random in each replication. In table 8 the nearest 
size of plot investigated contains eight rows. Using this size in 
ascertaining the best arrangement in which to grow the rows, one 
finds that ttie coefficient of variation of the rows within the plot for 
this size decreases in proceeding from a long narrow plot (width: 
length ratio 0.0333) to one more nearly square (width; length ratio 
0.5333). The actual coeflScients are 11.93, 11.32, and 9.70. Obvi- 
128001—86-6 
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ously, the plot with the smallest coefficient (9.70) would be best for 
testing the three varieties. 

As another example, suppose 24 varieties are to be tested. This 
will require a plot of 72 rows. Three shapes have been investigated 
for this size, with results shown in table 8. Here again, the more 
nearly square the plot the smaller will be the coefficient of variation. 
Under the restriction that all the land had to be used whenever a 
particular grouping was studied, a plot shape more nearly square 
could not be made for a size of 72 rows. If the general trend of 
variability is at all indicative, one would expect a lower figure even 
than 12.40 (this is for a width: length ratio of 0.5333) for a square plot. 

The following general procedure sepis to be a practical application 
of the principle of maximum contiguity when the yields of numerous 
varieties are to be tested. As previously shown in this study, the 
variation of ultimate plots within a combination plot compounded 
from contiguous replicates of a given number decreases as the com¬ 
bination plot changes in shape from long and narrow to square. 
Within square combination plots, the variation of the ultimate plots 
decreases as their number decreases. One must therefore select the 
number of varieties that are to be grouped into one replication of 
the test, and then arrange them to form a combination plot as nearly 
square as is practicable. In the present case^ five varieties would seem 
a desirable number to select. One replication of these would occupy 
15 ultimate plots, and they could, oy the principle of maximum 
contiguity, be arranged into a square combination plot. In order not 
to introduce a bias in estimating the experimental error, the varieties 
in any one replication will be assumed to be arranged at random. 
All the varieties, in groups of five, can then be investigated as to 
yielding ability. It seems also advisable to include in each group of 
five a standard or check variety which is the same for each group. The 
experimental error is perhaps best estimated by an analysis of vari¬ 
ance, deducting the variance due to replications and varieties from 
the total variance in arriving at the experimental error. If a very 
large number of varieties are to be tested, the experimental error 
need not be calculated for each group of 5; but the average error 
from several groups of 5 may be applied throughout all the groups 
of 5 varieties. Tlie only valid use of the error is, of course, in com¬ 
paring the yields of the five varieties in a group. Of particular inter¬ 
est is the comparison of the standard or check variety with each of 
the four other varieties in the group. 

In another plan that seems to have some points of merit, the 
varieties are planted in sequence 1, 2, 3^ ... w, and repeated in 
like manner for all subsequent replications. Every fifth, tenth, 
fifteenth, twentieth variety, etc., is a standard variety or check. 
The e:^erimental error is estimated in the same manner as in the 
preceding case. The present arrangement permits the error to be 
applied as a moving errorfor any contiguous group of five varie¬ 
ties. For instance, the average yields of varieties 6, 7, 8, 9, 10 may 
be compared with each other. The same is true of varieties 7, 8, 9, 
10,11,12; 9,10, 11,12,13, etc. The ‘‘moving error’^ wliich has the 
same percentage value throughout the experiment, permits each of 
the four varieties between the checks to be compared with both 
(hose checks. For example, variety 8 con be compared with the 
check varieties at 6 and 10, Often two check varieties are used alter- 
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nately, as when the hybrids of a cross are compared with the parents. 
The type of planting suggested here is well suited for that purpose. 
The efficacy of this method to reduce the experimental error depends 
on the value of the intraclass correlation coefficient. A valid objec¬ 
tion to this planting scheme is that it is systematic and may therefore 
introduce some bias into the experimental error. A slight bias in the 
(OTor might, however, bo easily outweighed by other practical con¬ 
siderations, such as ease in planting, harvesting, etc. Further studies 
on this point are needed. 

DISCUSSION 

When the general variability in grain yield witliin a field is investi¬ 
gated by addmg more plots of the same size and shape to enlarge the 
field, Stringfield (W) and Stadler (18) showed that the total variation 
has a tendency to increase. In this paper such a procedure is called 
the extended system of sampling, otnngfield studied the variation 
of increasing field sizes when the plot sizes varied from those customary 
in nursery work to 0.1 acre. In all cases, he found the total variation 
increased as more and more land was brought into the experimental 
area. Both wheat and oats were used in his studies. Staoler, work¬ 
ing with nursery plots of the same grains, had similar results. The 
data of the present study agree with those of Stringfield and Stadler. 
Since the variation and mean yield of the plots to be added to the 
experimental area are unknown, the variation of the enlarged area 
cannot be predicted. Apparently the only conclusion w’arranted by 
the data at hand and by those of others (18, 20) is that the total 
variation will perhaps be greater for the larger area than for tlie smaller 
one. Change in variation of increased areas depends on the relation 
of the mean and variation of the additional plots to those already in 
the experiment. 

Under another type of extended system, where more and more land 
is brought into the experimental area by increasing the size (in this 
study, lengthening the individual rows) of the original plots, the total 
variation tends to decrease, Stringfield (20) studied a comparable 
case with similar results. Here, again, the actual variation cannot be 
predicted beforehand, because the character of the land added is not 
known. In part, at least, the reduction occurs because positive and 
negative deviations cancel each other as adjacent plots are added 
together and because the variability of a series of averages (adjacent 
plots added together) tends to be less than that of the single plots. 

When the variability of different row lengths is investigated and 
all the land is used for each study (the closed system), the variability 
decreases as the rows become longer. From a practical viewpoint of 
field-plot technic the question mi^t be asked, what is the best length 
of row to use? The length of row in nursery practice has usually 
been determined by convenience: 16 feet for wheat, 16 for oats, and 
20 for barley. The yields from these row lengths, taken in grams, 
are easily converted into bushels per acre. It seems rather anomalous 
that the row lengths in cx)mmon practice should have been selected 
on such a criterion. As shown by figure 5, the curve for the coefficient 
of variation is almost a straight line, although the reduction in going 
from a 15-foot to a 30-foot row is a little greater than for any other 
part of the curve. The present study does not seem to justify a 
departure from the row lengths now used. 
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The correlation between adjacent rows and those at greater dis¬ 
tances has been investigated by Hayes (1£) and Griffee (o). Hayes, 
studying wheat and oats, computed the correlation for rows separated 
by 3, 6, 9, 12, 15, and 30 feet, respectively. He found that the corre¬ 
lation decreased as the distance between rows was increased. Griffee, 
working with wheat, calculated the values of r for rows up to 10 feet 
apart. Though this is only a short distance, still the values he found 
seemed to be smaller as the distance was increased. On the whole, 
the values obtained in the present study agree with those of Hayes 
and Griffee. They are higher for comparable distances between rows, 
but this difference may not be significant, as there is not a priori 
reason why they should be equal. A possible influencing factor may 
be that Hayes and Griffee correlated row lengths slightly longer than 
those in this study; they used rod rows, whereas in this study the row 
lengths were 15 feet. According to the data at hand, the value of r 
diminished as the distance between plots increased; and the resulting 
curve, shown in figure 6, is very nearly a straight line. Significant 
correlations were not demonstrated beyond 48 feet. 

After Harris (JO, 11) developed a short-cut method for calculating 
the intraclass correlation between the ultimate units compounding a 
combination plot, this feature of field-plot technic could be studied. 
The method is applicable to combination plots where the replicates 
are distributed either contiguously or noncontiguously. The former 
distribution has been used in the most extensive studies made. 
Harris has devoted a good deal of attention to this matter. He com¬ 
puted the coefficients from a relatively large number of uniformity 
trials distributed throughout the world and planted to a considerable 
variety of crops. The coefficients ranged from +0.020 to +0.830 for 
adjacent plots. Harris was able to show that the correlation decreased 
as the number of ultimate plots in a combination plot increased. 
Garber, Mcllvaine, and Hoover (7), working with wheat, also found 
the correlation to decrease as the number of ultimate plots in a com¬ 
bination plot increased. The data from the present study agree with 
those just mentioned (7, 10, 11), For the particular crop studied 
(wheat) they have been extended to cover a greater range of com¬ 
bination plot size and shape. Heretofore, plot shape has been largely 
disregarded when the intraclass correlation for varying sizes was being 
studied. These experiments emphasize the fact tiiat plot shape is an 
important factor in determining the numerical value of the coefficient. 
For any given size of combination plot the intraclass correlation 
coefficient became greater as the shape approached a square. The 
data showing these relationships are given in tables 8 and 9. 

The variation of the ultimate plots within a combination plot has 
a siniple relation to the intraclass correlation coefficient, as is shown 
by Fisher (5). The relation is an inverse one; that is, as the correla¬ 
tion of the ultimate plots of a combination plot increases, their varia¬ 
tion decreases. The variation, therefore, decreases when the shape 
is constant but the size decreases, and siinilarly when the size is con¬ 
stant but the shape approaches a square (tables 7 and 8). 

^ The intraclass correlation coefficient and the variation within com¬ 
bination plots were also calculated when tlie replicates were distrib¬ 
uted noncontiguously. Garber, Mcllvaine, and Hoover (7). investi¬ 
gating some wheat-yield data in this way, concluded that tne intra- 
clasg correlation for replicates thus distributed was sensibly zero. 
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The distribution in their case was systematic. In the present study, 
two types of distribution were used: The replicates were distributed 
(1) completely at random and (2) at random within certain arbitrary 
limits. The resultant data are given in table 10. The intraclass 
correlation coefficients for both types of distribution proved to be 
much smaller than when the replicates were contiguous. When dis¬ 
tribution is completely at random the values for r are not significantly 
different from zero, but when it is systematic they are significantly 
different. The variation of the ultimate plots within combination 

f )lots is in these instances also inyersely related to the intraclass corre- 
ation, as indicated in the preceding paragraph. Care must be taken, 
however, in interpreting the present cases, as the sign of r is negative. 


The variation between combination plots has received most atten¬ 
tion from investigators. It is discussed separately for combination 
plots formed by contiguous and noncontiguous distribution of the 
replicates. Mercer and Hall {15), working with wheat combination 
plots distributed contiguously, found variability decreasing as plot 
size increased. Other investigators who obtained similar results 
with wheat are Montgomery {16,17), Forster and Vasey {6), Day (3), 
Summerby {21), Stringfield {20), and others. In the present study 
similar results were obtained ; as the size of plot was increased for any 
particular shape, the variability decreased. The data are given in 
table 7. A general criticism that might be made of some earlier work 
is that the plot shape was not kept the same when size was investi¬ 
gated in relation to variability. 

Lyon {H) was perhaps the first to point out that plot shape is an 
important factor in plot variability. Analyzing the data from the 
Mercer and Hall {15) wheat trial, he showed for the two plot shapes 
studied that long, narrow plots were more uniform than square ones. 
Day (S), studying the data from a wheat imiformity trial, reached the 
same general conclusions. He found the long, narrow plot of partic¬ 
ular advantage if its greatest dunension extends in the direction of 
greatest soil variation. An objection to Day’s analysis is that he 
kept his plot size only within certain limits when studying the effect 
of shape. Stringfield {20) concluded that among small-grain nursery 
plots increasing the length was distinctly more advantageous than 
increasing the width. The most extensive examination of plot shape 
as related to variation was made by Christidis {2), who critically 
analyzed the results of eight uniformity trials and found that in no 
case were square plots less variable than long, narrow ones. In cer¬ 
tain cases, the latter shape could not be shown statistically to have 
any advantage, but he concluded that those cases were open to 
criticism because certain mechanical errors were not kept properly 
under control. Other investigators of wheat who have found a reduc¬ 
tion in variability for the long, narrow plot are Summerby {21), 
Forster and Vasey {6), and messelbach {IS). The results of the 
present study (taole 8) agree with those just reviewed; they show 
that plot variability is influenced by both size and shape, and tnat oncj 
must keep size constant when studying shape, and vice versa. \ 

The variation between combination plots compounded by noncon- 
t^ous distribution of the replicates has been studied by Mercer and 
Hall {15) and many other investigators. The eflScacy of this method 
in diminishing the variation has not been seriously challenged by any 
one, so far as the writer is aware. The data of this study (table 10) 
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confirm the results of other workers. The reduction in variation is 
nearly proportional to the square root of the number of replicates 
used. 

Tedin {22) has investigated eight uniformity trials from different 
parts of the world by different systems of distributing the replicates. 
He found that systematic arrangements introduce a bias in the esti¬ 
mated error of the experiment, and in general give estimates either 
over or under those derived from random arrangements. The data 
secured in this study also agree with his findings. Figure 7 shows 
that the variation for noncontiguous replicates distributed at random 
within certain arbitrary limits is always less than vrhere distribution 
is completely at random. Practical considerations may, however, 
be more important than the slight bias introduced. More studies 
are needed on this point. 

Many contributors to the subject of field-plot technic have had 
difficulty in harmonizing their actual curves with those based on 
the equation where the reduction in variation between combination 
plots IS proportional to the square root of n, the number of ultimate 
plots grouped. Student (f), Engledow and Yule (4), and Stadler 
{19) have pointed out that the reduction in variation is proportional 
to the square root of n only if the intraclass correlation is zero, ^liere 
the combination plots are compounded from contiguously distributed 
replicates, the intraclass correlation usually has a significant positive 
value and hence the variation is reduced less than expected. On the 
other hand, when the replicates are distributed in a systematic non¬ 
contiguous manner, the correlation is more often negative in value 
and tne variation is reduced more than expected. The present study 
shows that the actual and theoretical curves agree absolutely if the 
latter are calculated as a function of n and r. The equation express¬ 
ing the relationship is given in the text. The relation of actual and 
theoretical curves is shown graphically in figures 5 and 7, and the data 
are given in tables 5 and 10. 

Like the variation between combination plots, the theoretical vari¬ 
ation within combination plots can be computed. A different equa¬ 
tion, however, must be employed. 

SUMMARY AND CONCLUSIONS 

The total variation tends to increase as more land is added to the 
experimental area, provided the size and shape of the ultimate unit 
remain the same. 

The total variation tends to decrease as more land is added to the 
experimental area and the size of the ultimate plot increases, provided 
the number of plots remains the same. In this connection the size of 
the plot was increased by lengthening the row. 

When the entire experimental area is used in each study of the rela¬ 
tion of variation to increase in row length, the variation tends to 
decrease and is a function of n, the number of ultimate plots combined, 
and r, their intraclass cxirrelation coefficient. The change of variation 
under these conditions is nearly linear. 

As the distance between the rows (the ultimate plots) increases, 
their correlation decreases. Statistically significant correlations 
could not be shown beyond 48 feet. 
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The intraclass correlation coefficient, calculated according to a 
fonnula of Harris, increases as the size of the combination plot (com¬ 
pounded by contiguous association) decreases, provided the shape 
remains constant. When the size of plot remains the same, the 
coefficient increases as the shape of the plot approaches a square. 

The variation of the ultimate plots (rows) within a combination 
plot compounded by contiguous association may be secured from the 
intraclass correlation coefficient with the aid of an equation or from 
an analysis of variance. The two methods of approach lead to the 
same result. 


The variation within combination plots compounded by contiguous 
association decreases when the shape is constant but the size decreases 
and also when the size is constant but the shape approaches a square. 

The variation within combination plots compounded by noncontig¬ 
uous association approaches the total variation. The nearness of 
approach depends on the value of the intraclass correlation. In this 
study the variation within the combination plots was slightly greater 
than the total variation because of the small negative values for r. 

The variation between combination plots compounded by con¬ 
tiguous association increases when their shape is constant but their 
size decreases and also when their size is constant but their shape 


approaches a square. 

The variation between combination plots compounded by non¬ 
contiguous association decreases as the number of ultimate plots 
grouped becomes larger. The reduction in variation is nearly pro¬ 
portional to the square root of n, the number of plots grouped. 

The decrease in variation between combination plots is greater 
when the replicates are distributed over the experimental area than 
when they are distributed by contiguous association. 

The discrepancy frequently found by agronomists between actual 
and theoretical curves for the decrease m variation between combina¬ 


tion plots, as more ultimate plots are used, is sho^Mi to result from the 
correlation between the ultimate plots compiounding the combination 
plots. The variation is a function of n, the number of ultimate plots 
grouped, and r, their intraclass correlation. When n and r are both 
considered and the correct theoretical curv^e is calculated with these 


as the independent variables, the actual and theoretical curves agree 
exactly. 

When the replicates were distributed in a noncontiguous manner, 
complete random distributions gave less bias to the estimate of the 
experimental error than did systematic distributions. 

The data indicate that a smaller experimental error is obtained by 
groupir^ the varieties of each replication so as to make the distance 
separating them a minimum. The application of this method, 
called the principle of maximum contiguity, permits a greater part of 
the total variance to be apportioned to tliat designated as ‘^between 
combination plots ^’, Avhich can be eliminated statistically, and thus 
leaves a smaller portion for calculating the experimental error. 

The data suggest the tise of two systems of plot arrangement for 
nursery practices when the number of varieties to be tested is large. 
These systems involve the principle of maximum contiguity. The 
varieties to be tested are divided into groups of 5. One of the 5 in each 




356 


Journal of Agricultural Research 


Vol.50,no.4 


^oup is a standard variety, or check, and the groups are replicated the 
desired number of times. In one system, the varieties are distributed 
at random in each group; in the other, they are arranged in the same 
sequence in the replications. An experimental error is calculated by 
analysis of variance for each group oi 5 varieties when the number of 
varieties tested is not too large. When many varieties are tested, 
the average error from several groups of 5 may be applied throughout 
all the groups of 5. When the varieties are planted in sequence, the 
experimental error may be used as a ‘^moving errorand applied to 
any contiguous group of 5 varieties. The moving error permits any 
variety to be compared with the check, or standard variety, on either 
side. 
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MORPHOLOGY AND BIOLOGY OF THE WHEAT JOINT- 

WORM GALL* 

By W. J. Phillips, entomologisty and F. F. Dicke, assistant entomologist^ Division 
of Cereal and Forage Insect^ Bureau of Entomology and Plant Quarantine^ United 
States Department of Agriculture 2 

INTRODUCTION 

The study of the morphology of wheat-stem galls caused by the 
wheat jointworm, HarmoHta tritici (Fitch), was b^egun by the senior 
writer in 1927 at Charlottesville, Va., but it was incidental to the 
investigation of the insect itself and the measures for its control. 
During the winter of 1932-33, however, it appeared that with more 
material available facts of definite economic importance might be 
revealed. In the spring of 1933, therefore, a large number of galls, 
collected during the period of development of the insect from hatching 
to maturity of the larva, were preserved at Charlottesville. During 
the previous winter, arrangements had been made with the laboratories 
located at Wichita, Kans., and Lafayette, Ind., to preserve wheat 
stems in their various stages of growth. Since then a comparative 
study of the plants from the tliree localities relative to their suscepti¬ 
bility to jointworm attack, has been made. 

As late as 1904 F. M. Webster stated that Harmolita tritici was not 
known to occur west of the Mississippi River. wSince that time it has 
been found in the Wheat Belt as far west as central Missouri and also 
in Utah, California, and Oregon. The results of this investigation 
may explain why the wheat jointworm does not occur in Kansas and 
how its ravages may be materially reduced in the Eastern and Central 
States. 

HISTORICAL RfiSUMfi 

A large amount of work, mostly in Europe, has been done on the 
morphology and biologj^ of insect gills. Anyone interested in tliis 
subject should consult Ihe bibliograpliies riven by Kinsej" { 6 ) ® and 
by Ross (9). Neither bibliography is complete, but each supplements 
the other. Ross does not list North American works. His book is 
veiy recent, however, and is of more general interest inasmuch is it 
covei's the whole field of gall-forming organisms. 

In reviewing the literature on galLforming insects, one is struck by 
the small amount of work that has been done on the chalcids. This 
may be due to the fact that, so far as known, all chalcid galls are small 
and inconspicuous, and perhaps are found mostly on the grasses. 

Only three published articles on the morphology and biology of //ar- 
rnolita galls have been found. One paper (8) deds with galls on Fievs 
spp. and Cattleya sn.^ and the other two (5, o) are on the terminal 
and axillary bud galls of Agropyron spp. These papers are of little 
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interest in the present study, since they involve different species and 
different parts of the plants, and the plant responses are very different. 
Besides, the wild grasses involved continue growing throughout the 
season, as is largely true of the bud galls on them, whereas the wheat 
jointworm galls mature slightly in advance of the wheat plant. 

METHODS AND PROCEDURE 

In order to make a complete study of the morphology and biology 
of the galls produced by HarrnoIUa triiici^ tissues were preserved daily 
from the moment the eggs were deposited until the larvae became full 
^rown. To accomplish this, wheat plants were transplanted to 12- 
inch flowerpots, and each plant was labeled and enclosed within a 
10-inch glass cylinder, the upper end of which was covered with cheese¬ 
cloth (fig. 1, A). From 30 to 40 females were then introduced into 
each cage, and the place of oviposition on the culms and the approxi¬ 
mate number of eggs deposited w ere recorded. No female was mlowed 
to remain in a cage longer than 8 hours, frequently half that period 
being sufficient for infestation of all susceptible culms. Plants in the 
field also were covered with cylinders in the same manner, and oviposi¬ 
tion was recorded. These field plants were used principally for study¬ 
ing the later instars of the larvae and the older gtill tissue. 

Fixing solutions of several kinds were used, but the forrnalin- 
acetic-alcohol mixture gave the best results. The tissues were de¬ 
mineralized in 10-percent hydrofluoric acid for 3 days, dehydrated, 
and cleared according to Zirkle^s (IS) butyl-alcohol method. Hance^s 
(4) paraffin-rubber mixture was used for embedding during the winter 
of 1933-34. In previous work the old method with xylol and ordi¬ 
nary paraffin had been followed, but the butyl alcohol and paraffin- 
rubber combination was found to be superior. Sections were cut 
to a thickness of 14 m and stained in iron-alum haematoxylin. (len- 
tian violet, acid fuchsin, and orange G were used as counter stains. 
The violet was found to be a more satisfactory counter stain for the 
older tissues. 

OVIPOSITION 

DEPOSITION OF THE EGG 

Harrnolita tritici oviposits in the rapidly growing culms of wheat 
after these have reached a certain critical stage of development. 
When the complete mechanism of oviposition is thoroughly under¬ 
stood it becomes at once one of the most interesting and, perhaps, 
most important phases of the whole subject of wheat jointworm gall 
formation. It will, therefore, be treated at some length. 

The female locates a suitable point for oviposition by walking 
slowly up and down the wheat culm, tapping its surface continually 
with her antennae as she moves along. This ])rocess may occupy 
considerable time even when a culm in the prop(*r stage of growth 
is under examination. The place selected for oviposition is at the 
u^per side of a node, in tissue that will later form the internode. 
The ovipositor (fig. 1, jS) is inserted slightly below the merisbematic 
region, at the union of a leaf base with the stem (fig. 2, B and C). 

It will be noted from figure 1, C and D, that there is as yet no 
visible evidence of the node at the point of ovijjosition, as the iuter- 
node below has not lengthened sufficiently to elevate it into view. 
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Figure 1.—A, Breeding cage; B, the spearhead of the ovipositor lanoe, X 628; C, female HarmotUa trUfd 
in the first position for ovlposition, X 2; A female in the final position and in the act of oviposition, X % 
Ef internode that was too old and tough at the time of oviposition to respond properly to the stimuli 
incident to the presence of the larvae, and the expanding gall tissue ruptured the epidermis, exMlling a 
Iwva (p. 307), X 6; F, different types of galls that may be found in any wheat field infested with H, trUici, 
the long gall at the left is the type most frequently found, and the two warty gfUls at the right are the 
kind that devdop from the ty^ illustrated at E in which the larvae rarely mature; almost natural sixe. 
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That is, the node at the ovipoaition point is covered by the sheath 
of the next lower leaf. The only wajr one can definitely locate such 
a node without removing the sheath is by pressinjy the stem between 
the fingers. Occasionally females do attempt oviposition at an ex¬ 
posed node where the tissue is older and harder, but such nodes are 
difficult to pierce, and larvae do not mature in this older tissue. 

After selecting the point for oviposition, the female, with her head 
directed dowm the stem, low'ers the abdomen to the surface of the 
culm, and, at the same time, she brings the tip of it forward until 
the abdomen is at right angles to the thorax (fig. 1, 0), The ovi¬ 
positor is pointed into the tissues and the abdomen is elevated to 
almost a vertical position. The ovipositor is used very much as a 
gimlet to bore a hole through tlie leaf sheath (fig. 2, A) into the 
tender tissues of the culm, slightly below the meristem of the inter- 
node, until a vascular bunffie is reached witliin the culm. By refer¬ 
ring to figure 3, C, it will be seen that the pliloem lies beside and 
external to the x>dcm in a vascular bundle of the collateral type. 
The ovipositor passes tlirough the pMoem until it reaches the xylem 
tubes, the hardest elements of the internal tissues at this point, then 
it turns upward, following the tubes (fig. 2, B) until the hole made 
by the ovipositor is of sufficient depth. At this time the insect is in 
the position shown in figure 1, I), The female remains in this posi¬ 
tion for several minutes in order to allow the egg to pass dowm the 
oviduct and into the tissues of the plant. The ovipositor is then 
jiartially wdthdraw’n and thrust back into the tissues in a different 
direction (fig, 2, .1) in search of another vascular bundle, where an 
additional egg is deposited. This latter process may be repeated 5 
or () times, resulting in the deposition of as many eggs through one 
external opening. It may be seen (fig. 2, .1*) that all the eggs cannot 
be placed m the same honzontal plane, eA^en though the same external 
opening is used. Those eggs placed in the vascular bundles immedi¬ 
ately under the body of the female will be highest in the internodo as 
they are placed at the farthest point attainable, and those deposited 
in the bundles to her right or left will be low^er. The insect doubt¬ 
less finds the epidermis difficult to pierce with the ovipositor and 
probably saves a great deal of energy by depositing several eggs 
through a single opening. 

After oviposition is completed at the first external puncture, the 
female frequently moves around the stem in the same horizontal 
plane (fig. 2, A) and bores a second hole to insert more eggs. Occa¬ 
sionally as many as IG eggs are deposited in the meristematic tissue 
immediately above a node ^fig. 3, A). Figure 3, show^s a highly 
magnified vascular bundle with an egg in place and almost against the 
CTlem tube, and figure 3, C, shows a normal bundle of the same age. 
Tlie average in nature, as shown by dissection of many mature galls, 
is about 6 or 7 larvae to the infested intemode. 

EXPLANATORY LEGEND FOR FIGURE 2 

^1, Cross section of a wheat culm, at the top of a nodot through an oviposition puncture 1 day old. Note 
how the cliannel branches towards the vascular bundles; below this, and farther around the stem, 
may be seen traces of other channels emanating from another puncture that does not show in this 
section. On the opposite side of the stem may be seen still fainter traces of channels from another ovi¬ 
position puncture that is not shown; X 25. B, A kmgitudinal section of the three upper nodes and the 
embryonic head of a wheat culm. All the three nodes and internodes together measured about one-half 
Inch- The dotted line indicates the position of the day-old egg in the meristem, Ju.st above the node; 
X 7.8. c. The egg and the surrounding meristematic tissue shown in B, but more highly magnified; 
note how closely the oviposition channel follows the xylem tubes and that the egg lies in the phloem 
with one side almost against the xylem tubes; X 58. 
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The eggs are always found in the phloem of the vascular bundle 
(fig. 3, A and J?), or in the parenchyma immediately adjoining it. 
Numerous galls have been sectioned, involving the cutting throu^ of 
many eggs, and, with perhaps one exception, the female has never 
been found to miss the mark; and in this exceptional case the egg was 
located very close to the phloem. Although the eggs are usually 
placed in the large bundles, an egg may occasionally be found in one 
of the small vascular bundles near the epidermis; however, even here 
the egg is properly placed in the phloem. 

The writers have never foimd a record in literature to indicate that 
any female g^l-making insect selects the phloem for the placement of 
the egg. This, of course, is the most favorable location for the place¬ 
ment of the eggs^ since the prospective larvae wotdd be surrouncied by 
rich food matenal immediately upon hatching. Other gall-making 
insects select various parts of the host plant, the eggs of some being 
placed even on the surface of leaves, the gall tissue growing up around 
them from all sides. A number place their eggs in the camomm layers 
and others under the growing points of buds. In general it appears 
that the vascular system of gall tissue is simply a modified extension 
of the regular vascular system of the neighboring normal tissue, 
whereas in the case of the wheat jointwoiTO gall the normal vascular 
system of the intcmode involved, as later described, is almost entirely 
destroyed (figs. 4, (7, and 11 , -A, B), 

The fact that the eggs are precisely placed in the pliloem makes 
oviposition a tedious operation. If the female could puncture the 
meristem at any point without regard to its age and texture and could 
insert the eggs in a haphazard manner, the process would be greatly 
simplified. It is necessary for her to probe the tissues carefully to 
locate the vascular bundle In wdiich to place each egg. Since only one 
egg is placed in the phloem of any bundle, a fresh bundle must be 
sought for the deposition of each individual egg. The larvae thus 
find themselves so placed as to intercept the rich sap flowing in the 
main conduction channels carrying elaborated foods and, therefore, 
have the first call on the resources of the plant. 

FACTORS INFLUENCING OVIPOSITION AND THEIR RELATIONSHIP TO CONTROL 

MEASURES 

The most important factors influencing oviposition are temperature, 
the size of the host plant, and the structure of the menstematic 
regions of the culms wnere the eg^ are to be placed. 

Oviposition occurs ve^ sparingly at tenmeratures below 70° F. and 
is most active at or a little above 80°. Regardless of temperature, 
adults are inactive at night and during stormy w^eather. They are 
rather frail creatures and heavy rain and wind storms are very 
disastrous to them. Under the most favorable circumstances a female 
may deposit the majority of her eggs and die at the end of 2 days. 
Apparently no eggs develop after the female emerges. Cold, cloudy 
weather may prolong the lives of the adults for an additional 3 or 
4 days. 

The portion of the culm usually most attractive for oviposition is 
only about one-fourth inch in length, or, if there should be two more 
nodes above this, all three together at this time would measure about 
a half inch (fig, 2, R), and it is rare that on any one culm there will 
128001—85-6 
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transverse swjtions of two galls from the same culm during the second larval iierlod. 

the same day, and the tissues were preserved in a fixing solution 
which ww cut was the intemode immediately above A and 
nrtrrJSiv^in^ i^Dternode. Note that the larvae and the i^l tissue have rle^oped 

SSmSron?Tmi^ Vi stimulus incident to the presence of the 

Jjrvjj* ana Ipne did not develop: A, X 18.7, B, x 2.1,6. C. Normal food tissue surrounding 

f Vi*®' ^ ^ poHion of A at higher magnification; all larvae are 

CM in this i^rn^e md no rich f^d tissue surrounds them; the larv^ae starved and died in consequence, 
Jr-ii parenchymatous tipue outside the gall area of the second larval Instar, X 138. F, Seo- 

^ 0 n illustrating loss of polarity in gall tissue of the second larval instar, X 150. 
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be on one day more than one attractive node. Regardless of favor¬ 
able weather conditions the females will ordinarily not oviposit in 
any but attractive material, but frequently a female will work indus¬ 
triously in an effort to oviposit in a second intemode and may succeed 
in placing several eggs. Larvae hatching in such positions cause 
warty or irregular deformations, as shown in the two very short galls 
in figure 1, F. Rarely do such larvae reach maturity because the 
tissues in these locations are too old to respond to the stimuli incident 
to their presence, with the result that insufficient food material to 
nourish tliem is aeposited in the cells immediately surrounding the 
larvae (fig. 4, A and D), Occasionally the tissues are so hard that 
the pressure of the enlarging cells within ruptures the epidermis and 
expels the larva from the plant, as shown in figure 1, E, Typical 
galls of Harmolita tritici arc shown in figure 1, F. The longer galls 
(at the left) are the forms most commonly observed. 

This very important fact was strikingly illustrated in one of the 
field observation cages in 1933. Females oviposited in two intemodes 
of a culm on the same day. When the larvae were in the second 
instar, as determined by dissections of other plants of the same cage, 
the gall tissues at the two infested internodes of this culm were killed 
in fixing solutions at the same time. These two galls were embedded 
and sectioned in January 1934. Figure 4, A, B, C, and Z>, shows the 
gall tissue in the higher internode to be perfectly normal in every 
way, and the developing larvae are normal. The larvae in the lower, 
older intemode are dead and the gall tissue is not nomial. The 
tissues at this internode w ere too old and hard when the eggs hatched 
to respond in the usual manner to the stimuli incident to the presence 
of the larvae, with the result that sufficient food materials to nourish 
them were not deposited in the immediately surrounding cells. Thus, 
the larvae starved not because the plant was not manufacturing 
sufficient nourishment to supply them, for the larvae located in the 
tender nieristematic tissues at the intemode immediately above were 
then being properly nourished, but because the tissues had become 
too tough and hard to respond to the stimuli. 

Wheat culms mny be found having several internodes infested by 
the jointwonn. This is caused either by the emergence of females 
over several days, or by the survival of individuals for 5 or 6 days. 
A period of 1 day’s growth may serve to render a lower internode 
unsuitable for oviposition. In "the meantime the intemode imme¬ 
diately above may become suitable for oviposition. It would be 
misleading, therefore, to say that any particular internode of the 
wheat culm is preferred by the female for oviposition. Any inter¬ 
node may be selected in which the meristem is m a stage of develop¬ 
ment acceptable for oviposition. 

It is obvious from the foregoing statements that a delicate balance 
e.xists between the period of emergence of Harmolita tritwi and the 
development of the meristematic regions of the internodes in the 
host plant. Plants that are small and medium sized at the time of 
wheat jointworm emergence are therefore more likely to have their 
meristematic regions in the sta^e attractive for oviposition. In a 
large stem the leaf sheath is thicker, and the vascular bundles lie 
deeper in the culm, making it more difficult for the insect to reach 
the vascular tissues in which to place her eggs. It should be practi¬ 
cal, therefore, to hasten the growth of wheat in the spring by fertili- 
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zation, or otherwise, so that the plants would be too far advanced in 
growth to be in a condition attractive for oviposition when the adults 
of the jointworm emerge. Tailing in that, the advanced stage of 
growth thus induced would oblige the adults to oviposit so hi^ up 
m the stem that the galls would be removed with the straw by the 
reaper at harvest and thus their occupants wouW no longer be n 
threat to the succeeding crop. Under average conditions the majority 
of the galls are so near the ground that they are left in the stubble 
at harvest. 

COMPARISON OF THE MERISTEMATIC REGIONS OP WHEAT PRODUCED IN KANSAS, 
INDIANA, AND VIRGINIA AS RELATED TO OVIPOSITION 

After it was learned that the condition of the meristematic regions 
of the intemodes governed oviposition, it was decided to compare 
wheat plants from Kansas, where Harmolita tritici does not occur, 
with plants from Indiana and Virginia, where Harmolita tritici has 
caused considerable injury to the wheat crop. 

Arrangements were therefore made with the Federal entomological 
laboratories at Wichita, Kans., and Lafayette, Ind., to preserve 
whole plants in formalin-alcohol-acetic fixative solution. Wheat 
plants grown in Virginia were preserved in a similar manner. At 
2-day intervals during a period of 18 days, starting a few days before 
emergence of Harmolita tritici adults and ending after the approxi¬ 
mate hatching period for the eggs, 50 plants were collected from a 
field of a variety commonly grown in each locality, and preserved. 
In Kansas, the time of collection and preservation of steins was 
based on the emergence of a closely related species, //. grandis form 
grandiSj which occurs in Indiana and Virginia as well as in Kansas. 

The wheat plants from the several localities were examined at the 
same time at the Charlottesville laboratory, and it seemed, from 
external appearances, that there were nodes in the proper stage of 
development for oviposition in all the samples, although the Kansas 
plants were below the average height and diameter of those from 
Virginia and Indiana. In this respect it appeared that the Kansas 

E lants might be the more suitable for oviposition. A difference 
etween them and the plants of more eastern origin was found in the 
firmness of the meristem. This part in the Kansas jilants was so 
firm that it could scarcely be crushed between the forefinger and 
thumb, whereas in the Indiana and Virginia plants the meristem was 
spongy and crushed under slight pressure. 

Present knowledge of the responses in the tissues of the meristematic 
regions at the nodes of the wheat plant during gall formation plainly 
shows tliat tissues such as those in the Kansas wheat are in a hardened 
condition and iinsuitable for oviposition at the time of emergence of 
Harmolita tritici. Moreover, should the insect succeed in ovipositing 
in such culms the hatching larvae, in all probability, would not 
survive. 

It is not known at present whether this condition of the meristem 
in the Kansas plant is due to a varietal or a climatic difference. The 
main point of interest and importance is that this characteristic 
undoubtedly makes wheat plants grown in the winter wheat belt of 
Kansas either unacceptable to Harmolita tritici for oviposition, or 
unsuitable for larval development, or, perhaps, both. If this be true 
orthe Kansas area it is probably true of other sections in the winter 
wheat belt of the United States where Harmolita tritici does not occur. 
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EFFECT OF OVIPOSITION ON THE PLANT AND SPACING OF THE LARVAE IN THE 

INTERNODE 

The effect of oviposition on the plant tissue is almost negligible, 
insofar as its normal functions are concerned. The oviposition 
punctures heal, and scar tissue is found in the path of the ovipositor 
(fig. 5, E), The tissue heals around the eggs, and at the end of a few 
days the latter appear as inert foreign material embedded in normal 
tissue (fig. 6, A and D), Many of the cells immediately above the 
egg, however, Isse their polarity, owing to the disturbance at the 
time of oviposition (fig. 6, A), If the eggs are dissected from the stem 
just before hatching time there does appear to be the beginning of a 
gall, although in reality this is simply a cavity in the tissues made by 
the ovipositor, somewhat larger than the egg, which has completely 
healed over. 

Apparently the normal amount of cell division and other activities 
proceed as usual after the eggs are placed in the tissues. A few of the 
cells in the meristematic regions at this time show two nuclei (fig. 
6, B and 6^). As the cells of the meristematic region divide and 
increase in length, the eggs, not being deposited in exactly the same 
horizontal plane, are carried upward various distances in the tissues, 
and when the larvae are full grown there may be from 1 to 2 inches 
difference in height between the lowest and highest placed larvae in 
the same intemode (fig. 1, F). 

SEASONAL HISTORY OF THE GALL 

HATCHING AND FEEDING OF FIRST-INSTAR LARVAE 

The egg is placed in the tissues with its petiole extending down the 
stem, and when it hatches the larva also has its head pointing down 
the stem. The larva apparently ruptures the shell with its delicate 
mandibles at the union of the petiole and the main body of the egg. 
The shell is not cast off at once, and the larva feeds head downward, 
at the point of rupture. From dissections made at this time, it 
appears that the young larva is bathed in plant sap. It is not defi¬ 
nitely known whether some of the surrounding cells are pierced by 
the mandibles of the first-instar larva, in order to maintain a constant 
flow of sap, or whether this activity is unnecessary at that time. 
There is a well-developed digestive tract, even in the fimt-instar 
larva, and the greenish, chorophyll-tinted food in this tract is plainly 
visible through the body wall. Serial section mounts show that 
there is no perceptible accumulation of deeply stained matter around 
the margin of the larval chamber, such as is always present in later 
instars, indicating that it may not be necessary in the first instar for 
the larva to puncture the cells in order to obtain sufficient nourish¬ 
ment. 

BEGINNING OF GALL FORMATION 

By the time the jointworm egg hatches, an uninfested intemode 
of the same stage of development as the infested one has ceased cell 
division, and normal length and diameter are very soon attained by 
growth of the cells. When the larva starts feeding, the cells in the 
immediate vicinity suddenly become very active and increase mark¬ 
edly in size, the nuclei and nucleoli enlace greatly, the protoplasm 
becomes very dense, and the walls are thin (fig. 7^ A). Just beyond 
this region, which is only 2 or 3 cells deep, the cells begin to divide 
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(mitotically) rapidly. This change occui*s in the vicinity of all 
larvae, regardless of their position with relation to the meristem. 
For example, figure 8 shows a larva located a considerable distance 
up the internode, well out of the active meristematic region, yet cell 
division is proceeding as rapidly as in the vicinity of larvae located 
much nearer the node. 

Figure 9, Cy shows recently divided cells lying just outside the area 
of enlarged cells but immediately surrounain^ the larva. Note in 
this figure that these divisions may take place in any plane and that 
this results in cells of various shapes. Thus, the lack of normal 
polarity of some cells caused by oviposition (fig. 6, 4), in addition 
to the very rapid growth of the cells immediately surrounding the 
larva, causes the cells in the gall tissue to become irregular both in 
shape and in arrangement. Figure 9, B, shows normal tissue located 
outside the gall area. Note how regular these cells appear. Figure 
9, Ay shows normal tissue at time of oviposition. Figure 8, A and B, 
shows a newly hatched larva, well up the internode, that has induced 
active cell division. Under normal conditions no further cell division 
would take place in this region. In other words, the immediate 
results of hatching and feeding of the young larvae are hypertrophy 
and hyperplasia, provided the tissues are stUl plastic enough to 
respond to the stimuli. Where the tissues are too old, the result is 
simply hypertrophy, and the larva starves and eventually dies (fig. 
4, A and />), since the tissues are then unable to deposit sufficient 
food materials to nourish it. It is a fact well known to students of 
gall tissues, that a gall-producing larva cannot stimulate old tissues 
into activity. 

ACTIVITY DURING THE SECOND INSTAR 

Before the second instar is reached, cell division ceases and all 
later growth is by simple hypertrophy. The cells in the immediate 
vicinitj^ of the second-mstar larva become very much larger than in 
the case of the preceding instar (fig. 7, A and B), and the cells asso¬ 
ciated with succeeding instars are progressively larger (fig. 7, C), 
Figure 10, Ay shows some of the cells in the food-tissue zone of the 
third instar more highly magnified to illustrate the density of the 
protoplasm. By examining figure 10, Ej the great contrast between 
the gall tissue and normal tissue will be seen. The nuclei and proto¬ 
plasm have the same general appearance, except that the nuclei and 
nucleoli are very much larger and the nucleoli are of irregular shapes 
in later instars (fig. 10, B, (7, Z?). These cells are what the European 
writers on insect galls have called ^^food tissue. There is no definite 
number of layers of such cells about a larva nor ap thev arranged in 
any particular direction as in some of the cynipid galls; they have 
lost their normal arrangement and point in various directions (fig. 4, 
F)y although the general trend of the long axes of the cells is vertical 
(fig. 7, A and B). 


EXPLANATORY LEGEND FOR FIGURE 6 

.4, Part of a transverse section that contained a normal seoonddnstar larva and an unhatched egg, X 75. 
Egg may be seen In the upper right comer. B, Unhatohed ega highly magnified (X 400)^ showing 
that the egg is surrounded by parenohsrmatous tissue, whereas toe larva shown In A has the normal 
gall tissue developed about it. C, Unhatohed egg in part of a transverse section in which normal 
third-instar larvae were also present. Note that the parenchymatous tissue surrounding this unhatched 
egg is now thiok*walled and llg^ed, X 112. B, Part of a lozigitudlnal section containing a dead second* 
instar larva. Note that the cells surrounding the larva have changed from the normal rood tissue o^ 
to the parenchymatous type, X 100. B, Soar tisme developed Inme path of the ovipositor, 9 days after 
oviposition. No gall tissue has developed here, X 64. 
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Every vascular bundle that contidns a larva is entirely disinte¬ 
grated. In case the intemode contains as many as 16 or 16 larvae, 
the vascular tissue will have almost entirelv disappeared. The vas¬ 
cular tissue that may be found in such gall tissue consists of a few 
irregular bundles, all of which may be pushed to one side of the stem 
(fig. 11, ^ and B), These bundles are not parts of vascular tissue 
originating in the new gall tissue. Therefore, practically all food 
materials that pass through this area must apparently be largely 
transferred through the gall-tissue cells, as the normal vascular 
system no longer exists. Naturally this derangement in the vascular 
system is a groat hindrance to the plant and a serious drain upon its 
resources, as is indicated by the fact that the yield from infested 
plants is much less than from normal plants of similar size. 

As practically all of the vascular bundles are destroyed in the 
infested portions of the internodes, the culms become very weak at 
these points, and consequently a windstorm or heavy rain will cause 
the infested culms to fall or lodge. This will occur only during the 
first or second instar of the insect, since in the later instars the gall 
has a large amount of modified supporting tissue developing in it 
(fig. 12, B). Frequently the weight of the culm alone will cause the 
internode to loop (fig. 1, F) in the gall area where the vascular bundles 
have been destroyed. The heads and galls of fallen or lodged plants 
frequently escape the harvester. This permits the galls to remain as 
a source of infestation in the following season. 

By the time the larvae have reached the second instar, the internode 
within the gall area is usually completely filled with thin-walled, 
parenchymatous gall tissue. This gall tissue arises mainly from the 
parenchyma, but partly from the phloem, during the first larval 
instar. No further cell division was observed during the later 
instars, the gall tissue increasing in volume by hypertrophy. 

During the second instar the walls of the cells bordering the so-called 
‘^nutritive zone'' (toward the center of the stem) be^n to thicken and 
show pits (fig. 12, yl). Lignification begins at this time. The condi¬ 
tion of the nuclei and cytoplasm of these cells indicates that they are 
active, living cells. 

As previously stated, when the larva breaks through the eggshell 
its head points down the stem. In the course of the second instar it 
reverses its position within the larval cell, and in all following instars 
its head points up the stem. 

ACTIVITY DURING LATE INSTARS 

As the larva grows older its mandibles become larger and more 
heavily chitinized and sclerotized with each molt, and it continues to 
puncture cells of the food tissue and to devour their contents. During 
the first and early second instars the main difference in the cells in 
the gall area is that the cells in the immediate vicinity of the larva are 
larpr and more heavily charged with food material. All the gall 
cells are thin-walled at this time. The cavity occupied by the larva 
increases in dimensions through the destruction of the cells of the 
food tissue surrounding it, and the size of the larval cavity apparently 
keeps pace with the re<juirements pf the growing larva. There is 
always a deep layer of rich food tissue about the larva regardless of 
the number of cells destroyed for food, and a constant supply of such 
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Figubb 7.—a, Gall tissue near first-lnstar larva; B, gall tissue near second-instar larva; C, gall tissue near 
third-instar larva. These photomicrographs Illustrate how the gall tissue Increases in volume by hyper¬ 
trophy; all X lOO. ' 
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tissue is maintained bv the enlargement of the cells already present. 
Cell division is not a factor in the maintenance of this food tissue. 

As the larva and plant increase in age the condition of the cells 
shown in figure 12, A, becomes more pronounc^ed (fig. 12, C). These 



Figure Longitudinal section through an internode containing an early first^instar larva that was 

feeding but had not cast off the entire eggshell. The larva is the long, dark object on the right near the 
top. The wall of the internode is thicker at this point and the larva is oulte a distance above the node, 
X 20.4. B, Mitotic cell division in the vicinity of the larva. This is the stage when hypertrophy and 
hyperplasia occur at the same time, X 850. 


cells originate from the parenchymatous gall tissue, starting near the 
center of the stem and from those c^lls farthest from the larva (fig. 12, 
B), This lignifying tissue advances progressively toward the larval 
cavity until the food tissue is only 3 or 4 cells deep by the time the 
larva becomes full grown (fig. 11, B). Very shortly after the larva 
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stopis feeding, all the tissue surrounding the larval chamber becomes 
lignified, and by the time the wheat is harvested this lignified gall 
tissue, with the exception of a thin layer aroimd the larvd chamber, 
has become as hard as white oak wood, instead of being in the normal 
condition of an uninfested stem as shown in figure 13. 

The larva always maintains a very thin wall of cells between itself 
and the outside of the stem, and the full-grown larva is always found 
with the ventral surface of its body toward the outside of the stem. 
When, therefore, the adult casts off the pupal skin, the insect is 
ready to gnaw its way out through a very thin wall. 

There is no indication that fecal matter is discharged into the 
larval cell or chamber at any time during growth. The larva changes 
to a prepupa in November and December, and the fecal matter is 
discharged at that time. 

About a month elapses from the time the eggs are deposited until 
the larvae become full grown. The eggs hatch in about 12 days, 
which is almost half of this entire period. The first and second 
instars require about 5 days each, making 22 days from oviposition 
to the beginning of the third instar, and the remaining instars are 
completed in about 8 days. 

It is interesting to note that this acceleration in development 
coincides with the rapid maturing of the wheat plant. If the last 
instars required as long as the first two, the larval period would 
then be carried beyond the maturity of the plant, and the larva 
would perish from lack of nourishment. 

MICROCHEMICAL TESTS 

As a matter of interest, a number of chemical tests were made 
of the gall tissue in serial sections on slides, according to Zimmor- 
mann^s technic (12), Tests made for the presence of tannin and 
starch gave negative results; those for protein, cellulose, and lignin 
were positive. The contents of the cells in the food-tissue zone gave 
the positive test for protein, the cell walls in this zone gave the 
positive test for cellulose, and the thick-walled cells in the more 
mature gall tissue reacted to the lignin test. 

ZONES IN GALL TISSUE 

European and North American students of gall tissue state that 
several fundamental zones of tissue are found in insect galls, although 
they do not agree on the exact number. Cosens (2, p, 354) states 
that the cynipid galls have 3 or 4 zones, mostly 4; Kttster (7) found 4; 
Weidel (11) and Ross (5) illustrated 4; Kinsey (6*, p, 40) states there 
are, with a few exceptions, 5. According to Kinsey^s interpretation, 
both WeidePs and Ross’ illustrations may be construed as having 
5 zones. 

The wheat jointworm galls form within the internodes of the 
culms. Wheat stems do not have as many different kinds of tissue 
as do the leaves and twig tips of oaks; nor have the Harmolita galls 
as many tissue zones as the cynipid galls. Indeed, there are no 
sharply defined concentric tissue zones in the galls of H, triiici as 
have been described and illustrated for the cynipid gaUs. The gall 
tissues in the former arise partly from phloem, but mainly from the 





Fiovbe lO.—yl, Cells in the food tissue near the third-instar larva, highly magnified (X 275) to show the 
dense protoplasm and large nuclei. B, C, and I> illustrate the iieciujar shape of the nucleoli of some of 
the o^s in the nutritive zone, X 580. E, Normal parenchymatous cells outside the gall area of third- 
instar larvae, X 580. 
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parenchyma, and fill the pith cavity. As is shown in the longest 
se^ent in figure 1, F, there is usually little external evidence of 
galls in wheat stems. 

Ross^ figure (9) of the gall on Ficus indicates that Harmolita galls 
on such plants are very similar to cynipid galls. 

There are apparently no other galls mentioned in literature similar 
to jointworm galls on wheat stems. Most insect galls usuaUj^ involve 
the leaves, petioles, veins, or leaf buds, whereas tlie wheat jointworm 
galls involve the main stem of the plant. There is no pith cavity 
m the gall area of the internode, the entire stem at this point being 
filled with gall tissue. There may be as much as 2 inches of the 
internode thus involved and, occasionally, in heavy infestations, 2 
or 3 intemodes may be infested. It is obvious, therefore, how 
seriously this gall tissue affects the normal functions of the plant. 

The epidermis and sclerenchyma are changed very little during 
the process of gall formation, although these cells later become very 
thick walled and lignify (fig. 11, ^ and B). The parenchymatous 
cells immediately surroimdmg the larval chamber become heavily 
charged with very dense protoplasm and form what is known as the 
nutritive zone. There does not seem to be any definite number of 
cell layers to this zone, and there is no definite arrangement of these 
cells; in fact, a large number of the cells in the gall area lose their 
polarity as shown in figure 7, A and JS, although the general trend is 
vertical. In the later larval instars these parenchymatous cells 
become thick walled, pitted (fig. 12, A and B\ and lignified. The 
sclerenchymatous cells, just below the epidermis, and the epidermal 
cells also become thick walled and ligmfied. In the earlier instars 
of the insect, between the larval chamber and the epidermis are 
found the nutritive, the parenchymatous, and the sclerenchymatous 
zones. In other words, according to Kinsey^s nomenclature, there 
are in the second larval instar 4 zones from the outside of the stem 
to the larval chamber, and 3 zones from the larval chamber to the 
center of the stem (fig. 11, A). When the gall tissue and the wheat 
plant are thorouglily mature there appear to be two zones of lignified 
tissue—a hard zone immediately surrounding the larva, and the 
remainder of the gall, which is very much harder. 

THE GALL STIMULUS 

Beyerinck (1) has stated that the initial stimulus of gall formation 
is a secretion from the poison glands introduced into the tissues with 
the ovipositor, and has figured a well-developed gall in which neither 
egg nor larva was found. Magnus (8) has stated that the secretion 
of the poison glands was without significance; that the start of gall 
formation was coincidental with the wounding of the tissue in ovi- 
position; that the second impetus came with the feeding of the larva; 
and, further, that the gall tissue ceased development with the death 
of the larva. Cosens (2, p. 371) has stated that the larva secretes 
an enzyme that is the active agent in gall formation. Kinsey (6, p. 37) 
believes that the precise source and nature of the gall-producing 
stimulus are not known but thinks '‘it partakes of the nature of an 
enzyme or hormone produced by some particular insect structure.'' 

Magnus (S) terms "Galligenes Organ^' the short appendage at the 
posterior pole of the egg of the Harmolita from galls on Ficus spp. He 
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FmuRX 11 Part of a transverse section through the gall tissue around a 

the lack of vascular tissue, the food-tissue zone with the cells filled^with rich fwd 
wSl^cSs devSSS deepS* in the gall tissue, and the manner in wliich the epical tl^e Mhter- 
JShvi^XXhave bwn mo^^ X SO; B, part of a transverse section through the 8f“ ^ 

Se tCSr^ais full ^own, X ^ NotVthat practically all the tissue h^ lignifled «<»P} the ^ *®yer 
^wd tissue around the larva. Note also that there are.only a few small vascular bundles present. 
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suggests that a gall-fonning irritant may pass out through it from the 
egg into the surrounding tissues. Magnus finds that several col¬ 
loidal stains will readily pass into this appendage and diffuse to other 
parts of the egg. He also states that a large amount of gall tissue 
forms before the egg hatches. Ross (9) says that little is known about 
the gall-making irritant (Reizwirkung); that there are different kinds, 
some chemical, which arise mostly in the salivary glands and function 
as a kind of enzyme. Ross further states that there is a wound 
irritant (Wundreiz) that plays an important part in gall formation. 

Apparently no gall-producing stimulus is introduced into the plant 
tissues at the time of oviposition by Harmolita tritiei. This is clearly 
indicated by the fact that unhatched eggs about which no gall tissue 
had formed were found in tissues near second- and third-instar larvae 
(fig. 5, Ay By and ^7), whereas normal gall tissue had formed about the 
larvae. Furthermore, the condition of the cells in the vicinity of 
eggs 9 days old and of those in the vicinity of the eggs just mentioned 
appears to be the same (figs. 5, B; 6, D). As soon as the eggs hatch, 
gall tissue forms rapidly. Should the larva die for some cause after 
the gall tissue had formed about it, the food tissue ceases to function 
as such (fig. 5y D) and becomes modified parenchymatous tissue. It 
is obv ions, therefore, that the presence of a living larva is necessary 
for the formation and continuance of gall tissue. 

Smith (U)y pp, 177y 183y 184) has shown that there are many sub¬ 
stances, both alkaline and acid, that will cause proliferation of cells 
when introduced into the tissues of plants at the proper dilution. 
He says: 

From these* experiments there can he no reasonable doubt, I think, that any 
soluble substance whatever, except a killing, a plasmolyzing or an oxygen- 
absorbing substance, if continually liberated in excess locally in tissues, would be 
competent to induce tumor formation. 

He also says: 

* ♦ ♦ I think I have established my original hypothesis, viz, that dilute 

a,mmonia causes intumescences and have rendered it probable that ammonia 
libeiated within the cell in small quantities by the imprisoned bacteria must be 
one of the causes of the excessive and abnormal cell proliferation in crowngall. 
Probably amin compounds also help to determine it. Since an acid and alcohol 
are likewise produced by the crowngall bacteria and this alcohol and this acid 
(as well as many other acids) in pure dilution and also in combination with 
amnujiiia caused galls or intumescences in my experiments, the acid (or acids), 
the alkalies, and the alcohol must, I believe, act together in producing the tumors, 
and osmoticaUy rather than chemically, ♦ ♦ ♦ 

To conclude, it would seem, therefore, that in local osmotic action (possibly 
in some stages chemical action also) of various substances (aldehyde, acetone, 
alcohol, acids, alkalies) thrown into cells and diffusing from them in various 
directions, as the result of the metabolism of a feeble intracellular parasite or 
symbiont together with the resultant countermovemeiits of water and food 
supply we have, in crowngall at least and presumptively also in animal neoplasms, 
the explanation of tumor growth—that is, of that extensive multiplication of cells 
in opposition to physiological control which has so long puzzled pathologists and 
all students of overgrow’ths. 

If the byproducts of metabolism of the crowiigall organism, and 
various acids and alkalies, can cause tumor growths in plants, there 
would seem to be no valid reason why the byproducts of metabolism 
of larvae alone, when continuously liberated in plant tissues, would 
not produce galls. It also seems probable that irritation resulting 
from the larvae puncturing the cells of the food tissue might be a 
contributing cause. 

128001—36-7 
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Fioijkk 12 .—.1, Part of a longitudinal section through gall fi.s8ue around second-instar larvae- note that 
this tissue is becorning thick-walled, and pits arc present in the walls, X 400. H, Part of a longitudinal 
section thr^gh gall tissue aroimd third-instar larvae, a iwirt oi the tissue between the larvae has become 
thick-wall^ and i.s lignifying, X 26. (7, a few oi the thick-walled ceils shown In B, highly magnified to 
show the thick walls and the numerous large pits, X 400. » ^ » 
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DISCUSSION 

Entomologists have speculated for years as to the reason why 
Harmolita tritici does not occur west of central Missouri and in the 
Great Plains area. This insect has been known as a serious pest 
since 1848, and there has been ample opportunity for it to spread into 
this territory, either by natural means or through the avenues of 
commerce. The writers believe that this apparently strange phenom¬ 
enon is explained by the facts presented in this paper. The explana¬ 
tion is very simple. Either the meristematic regions of the wheat 
(‘ulms at the oviposition period are too hard and tough to be acceptable 
for oviposition in these uninfested areas, or, should oviposition occur, 
the larvae fail to reach maturity through causes explained in the 
foregoing discussion. 

It is not known at present whether the early hardening of the 
meristematic region of the internodes in the Kansas wheat plants is 
due to climatic or varietal differences. If it is varietal, this character 
could perhaps be transferred to varieties grown in the Eastern and 
Central States. However, whether this be practi(‘al or not, it is 
known that the insect requires very soft meristematic tissue for ovi¬ 
position. Therefore, it should be possible through fertilization, or 
otherwise, to force the growth of the wheat beyond the attractive 
stage before the adults of the jointworm emerge. Failing in that, it 
should be practical so to accelerate the growth that oviposition will 
occur high up the culm. The galls would then be removed by the 
reaper at harvest and the succeeding infestation thus greatly reduced. 

SUMMARY 

A study of the gall development in wheat stems following attack by 
Harmolita tritici indicates that the absence of the insect from the 
Kansas and western Missouri wheat fields is due to the character of 
the stem in wheat grown in this immense district. 

The female locates the vascular bundle in the stem just above an 
unexposed node by probing for the xylem tubes, and places but one 
egg in any vascular bundle. 

It is difficult for the lancelike ovispositor to pierce the leaf sheath 
and stem of the wheat plant, conseqiTently the female usually refuses 
to oviposit in any except the very delicate tissue in the meristematic 
region just above the node. The larvae do not survive when the egg 
is placed in older and tougher tissue. 

As many as 5 or 6 eggs may be deposited through a single external 
oviposition puncture, and tliree such punctures may be made at the 
same node in practically the same horizontal plane. Eggs are placed 
only in or near the pliloem of the vascular bundle. This is the only 
gall-making insect that the writers know to have this habit. 

The most favorable temperature for oviposition is about 80® F. 
Under the most favorable conditions the females will deposit the 
majority of their eggs and die at the end of about 2 days after emer¬ 
gence. 

In the Kansas wheat it was found that the meristematic region at 
the node thought to be susceptible to oviposition was so tough and 
hard as, doubtless, to be unsuitable. Should oviposition occur in 
such tissue, the cells would not respond to the stimuli essential for 



Feb. 15,1936 Mor 2 )hology and Biology of the Wheat JoinUWorm OaU 385 

the development of the normal gall tissue necessary for the nourish¬ 
ment of the larvae of Ilarmolita tritici. This explains why this insect 
does not occur in the Kansas wheat r>elt and, perhaps, in certain parts 
of central Missouri. 

Unhatched eggs remain as inert foreign substance embedded in the 
tissue. This strongly indicates that the female does not inject a 
stimulating substance into the tissues at the time of oviposition to 
initiate tlie ])roduction of gall tissue. 

Hyperplasia and hypertrophy start at once upon hatcliing of the 
eggs, and cell multiplication is by mitosis only. Hyperplasia ceases 
after the first instar, and is succeeded by hypertrophy. Gall tissue 
arises partly from the phloem but mainly from the parenchyma, and 
the cells in the gall area lose their normal polarity. There is no pith 
cavity in the part of the internode within the gall area, this section 
of the internode being filled with gall cells. Practically all the vascu¬ 
lar tissue is destrovecl in this region also, and this greatly interferes 
vith the normal functions of the plant. There are no concentric 
layers or zones in the gall tissue as is common in the cynipid galls. 
The entire region lignifies and becomes hard by the time the larvae 
are full grown. 

The gall stimulus is ap])arently due to byproducts of larval metabo- 
listu and, perhaps, to mechanical irritation. 

It should be possible to so accelerate the growth of wheat in the 
earl}' spring, by fertilization or otherwise, that the plants would be 
unacceptable for oviposition or unsuitable for larval development at 
the time of atta(*k. Even if this failed, the additional growth caused 
by such measures would cause the galls to be located so high up on the 
culms that they would be removed by the reaper at harvest and thus 
greatly reduce infestation in the following crop. 
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EFFECT OF CROWN RUST INFECTION ON YIELD AND 
WATER REQUIREMENT OF OATS ‘ 

By H. C. Murphy 2 

Anfixstant pathologint, Division of Cereal Crops and Diseases^ Bureau of Plant 
Industry, Ibnted States Deportment of Agriculture 

INTRODUCTION 

Crown nisi {Puccinia coronata avenae Eriks.), the most generally 
prevalent rust of oats {Athena satim L.), is virtually coextensive with 
oat (uilture. Estimated annual losses caused by the rust in the United 
States from 1918 to 1930, inclusive, averaged more than 13,700,000 
bushels. Iinmer and Stevenson {3) ® and Immer and Ausemus {2) 
have shown that severity of crown rust infection is negatively cor¬ 
related with yield, plumpness, date of heading, and height of oats. 
Weaver (//) stated that the water requirement 

/ w(ngh t of t otal Avatcr transpired \ 

\ total dry Aveight / 

of seedling oat plants bearing an infection of 0.5 percent of stem rust 
{P. graminifi avenae Eriks, and Henn.) on the first leaf was 37 percent 
greater than that of nonrusted plants. His observations were limited 
to a period of 7 days and included only 8 diseased and 9 control plants. 
He used crown rust in an earlier experiment extending over a period 
of 153 hours and found the transpiration of the seedling plants with 
crown rust on the first leaf to be 94 percent greater than that of 
similar nonrusted plants. 

The eflect of rust infection on the w ater requirement of other cereals 
has been reported by only a few investigators. Weiss (12) studied the 
effect of stem rust and leaf rust infection on the yield and water 
requirement of Marquis wheat. He found that rusted plants had a 
higher water requirement than nonrusted ones, although the difTer- 
ences were significant only in the case of stem rust infection. Infec¬ 
tion with either rust caused a significant reduction in yield of tops 
and of grain, the yield of the latter being most affected. Weaver (11) 
studied rust-infected wheat, rye, barley, and corn, in addition to oats, 
and found that the transpiration rate was consistently higher in the 
rusted plants, tTohnston and Miller (4) have published a preliminary 
report of their studies on the effect of leaf rust infection on water 
economy and growth of wheat. They found that the water require¬ 
ment of susceptible varieties increased with increasing length of 
association of host and parasite, wliile the yield of all plant parts was 
materially reduced. 

I Received for publication Ocl, 10, 1934; issued May 1036. Cooperative investigations of the Divi¬ 
sion of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the 
botany and plant pathology section of the Iowa Agricultural Experiment Station. 

* The writer gratefully acknowledges his indebtedness to Dr. H. B. Humphrey, of the Division of Cereal 
Crops and Diseases, at whose suggestion the research was undertaken, for assistance in the preparation of 
this manuscript, and to Dr. W. E. Loomis, of the botany and plant pathology department of the Iowa 
i^tate College, for valuable suggestions and criticisms during the course of the experiments. 
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The experiments reported in this paper were planned as a more 
extensive investigation of the relation of crown rust infection to yield 
and water requirement of resistant and susceptible oat varieties. 
Data are presented that give information concerning (1) the relation 
of the total duration of crown rust infection to reduction in yield of a 
susceptible variety growini^ under field conditions, (2) the relation of 
the total duration of infection to yield and water requirement of a sus¬ 
ceptible pure line and a resistant one growing under greenhouse 
conditions, and (3) the interrelations of soil moisture and time of 
initial infection with yield and water requirement of 2 susceptible 
lines and 1 resistant pure line under greenhouse conditions. A pre¬ 
liminary report of this work has been published by the writer (8). 

EFFECT OF CROWN RUST INFECTION ON YIELD OF FIELD-GROWN 

OATS 

MATERIAL AND METHODS 

An investigation was conducted in the summer of 1928 to determine 
the relation b^etween the total duration of crown rust infection and the 
subsequent reduction in yield of a susceptible oat variety growing 
under field conditions. A pure-line selection of lomine oats (C. I.** 
no, 2827) was sown uniformly on April 12 in 30 consecutive plots of 
10-rod rows (one two-hundred-and-sixty-fourth of an acre) each at 
Ames, Iowa. The plots were spaced 3 feet apart, while the rod rows 
witliin the plot were 1 foot apart. Soon after the seed was so\vn, a 
heavy rain partly eroded plots 7 and 21 and they w^ere later omitted 
from the experiment. The plants in 15 of the 28 plots were dusted 
on certain dates wdth sulphur at the rate of 15 pounds per acre, while 
those in 8 of the remaining 13 plots were artificially inoculated with 
crown rust at definite intenals. Vrediospores were obtained in 
abundance from heavily rusted greenhouse plants and dusted on the 
moistened plants soon after sundown. The number and arrangement 
of the plots in relation to the treatment given are shown in table 1 . 

RESULTS 

The year 1928 was very nearly ideal for a study of the effect of 
crown rust infection on yield of field-grown oats at Ames, because 
there was an almost complete absence of natural dissemination of 
cither crown rust or stem rust. There was, however, a consider¬ 
able spread of crown rust from artificially inoculated plants to nearby 

S lots. Stem rust was almost entirely absent, not more than a trace 
eing observed in any of the oat plots. 

The kinds and dates of treatment, percentage of crown rust infec¬ 
tion on July 5, bushel weight, and acre yield for each of the 28 plots 
of lomine oats grown in 1928 are pven in table 1. Dusting with 
sulphur did not entirely prevent the incidence of crown rust, although 
it was remarkably effective, considering the lateness and the small 
number of applications. The spread of crown rust from the plots 
first artificially inoculated was evident. The percentage of infection 
in each of the plots was recorded on July 5, when crown rust appar¬ 
ently had attained its maximum intensity in all of the plots, although 
it had appeared in the artificially inoculated ones in great abundance 
7 or 8 days after the first inoculation. The sulphur-dusted plants 
then averaged soft- to hard-dough stage of development. 


^ C. I. refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Iiiv^stigations. 
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Table 1. —Effect of crown rust infection on bushel weight and acre yield of ^8 plots 
of lomine oats grown at Ames, Iowa, in 1928 


Plot 

no. 

Treatment 

Dates of 
treatment 

Percent¬ 
age of in¬ 
fection on 
July 6> 

Weight 

per 

bushel 

Yield 
I)er acre 

Difference be¬ 
tween rusted 
I)lot and aver¬ 
age of 2 adjacent 
plots 

Weight 

per 

bushel 

Yield 
per acre 



June 


Pounds 

Bushels 

Pounds 

Bushels 

1 

Dusted with sulphur.— - 

24, 27, 29 . .. 

10 

28.0 

65.0 



2 

Artificially inoculated *.. 

9. 10,22,29-- 

100 

20.6 

3.3.2 

~6.a5 

-34.05 

3 

Dusted with sulphur.. . - - 

24, 27, 29.. 

15 

25.3 

69.5 



4 

Artificially inoculated». 

9, 10, 22, 29 

100 

19 3 

23.4 

-5.35 

-40.05 

5 

Dusted with sulphur.. 

24, 27, 29 ... 

10 

24.0 

57.4 



6 

Artificially inoculate<i 3 . 

16;22, 29. -. 

100 

21 6 

44.6 

-3.40 

-24.50 

8 

Dusted with sulphur.. - . 

24, 27, 29. . 

10 

26.0 

80.8 



9 

Artificially inoculated * ... 

16, 22, 29. - 

100 

23 0 

.57.2 

-4 00 

-23.75 

10 

Dusted with sulphur__ 

24, 27, 29 

5 

28 0 

81.1 



11 

Artificially inoculateri *. 

22, 29. - 

100 

23.6 

.54 4 

-3 40 

-21.60 

12 

Dusted with sulphur 

24, 27, 29 . 

5 

26 0 

70 9 



13 

Artificially inoculated 

22, 29 

100 

22 6 

40 .3 

-3 .20 

-20.80 

14 

Dusted with sulphur. .. 

24, 27, 29_ 

3 

25 6 

51 3 



1.5 

Artificially Inoculated*. 

29 

100 

23 0 

31. 1 

-2 80 

-29.40 

Ifi 

I Dusted with sulphur. 

24, 29 

3| 

26 0 

69 7 



17 

Artificially inoculated *... 

29 . 

100 

2.5.0 

45 7 

-i 80 

-27 80 

18 

Dusted with sulphur... 

21,29 . . 

t4 

29.6 

77 3 



19 

None.. - ... - 


4.5 

26.6 

60 4 

~2 50 

-15.55 

20 

Dusted with sulphur. 

24, 29 . . , 

f 

28 6 

74 6 



22 

_do .. 

24,29 - . 

t 

26 6 

' 66.3 



23 

None. 


.30 

25 0 

42.9 

- 2 . io' 

-16.90 

24 

Dusted with sulphur 

'^,’29 

t 

27 6 

.53.3 



25 

None.. 

. 

1 20 

24.6 

38 7 

-2.50 

-10.05 

20 

Dusted with sulphur.. 

24,29 - . 

t- 

26 6 

44. 2 



27 

None _ 


15 

25 0 

35 4 

-2. 10 

-iaoo 

28 

Dusted with sulphur.. 

24, 29 ... 

t- 

27.6 

47 8 



29 

None.. - 


10 

24 0 

45.0 

-2.60 

'-i'io 

30 

Dusted with sulphur ... 

24, 29 . 

1- 

25.6 

56 4 


... 


1 The peroentago severity of rust infectiou was determined by comparison with the scale for estimating 
rust iierceutages adopted by the Division of Cereal Crops and Diseases. 

3 None of the artificially inoculated plots was sulphur-dusted. 

3 Trace of infection is indicated by t. 


The plants first inoculated with crown rust on June 9 were in full 
head about 5 days later than those in the adjoining sulphur-dusted 
plots. These same rusted plots appeared to ripen about 4 days 
earlier than the adjoining sulphur-dusted ones. The ripening was 
premature, however, and was doubtless caused by the increased sus¬ 
ceptibility of the heavily rusted plants to the very hot, ^y weather. 
The other artificially inoculated plots were affected similarly but to 
a less degree. 

The dmerences in both acre yield and weight per bushel between 
the plots heavily infected with crown rust and the adjoining sulphur- 
dusted plots are apparently highly significant in every case. The 
data presented in table 1 may be summarized by calculating the 
average weight per bushel and Ihe yield of the replicated treatments. 
Because of tne presence of a considerable degree of soil heterogeneity, 
it seems preferable to compare the replicated rusted plots with the 
immediately adjoining sulphur-dusted ones oidy. The average weight 
per bushel and yield of the various replications and the percent^e 
weight and yield in comparison with those of the immediately adjoin¬ 
ing sulphur-dusted plots are presented in table 2. 
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Table 2. —Effect of crown rust infection on bushel weight and acre yield of certain 
plots of Iamine oats grown at Ames^ lowa^ in 1928 


[Values are averages of plots treated] 


Plot no. 

Treatment 

Dates of treat¬ 
ment 

Infec¬ 
tion on 
July 5 

Weight per 
bushel 

Yield per acre 



June 

Percent 

Pounds 

Percent 

Bushels 

Percent 

1, 3, .5 

Dusted with sulphur. 

24, 27, 29 -. 

11 7 

26.77 

100 0 

63 97 

100 0 

2, 4.. 

Artificially inoculated--- . 

9, 16, 22, 29 --- 

100 0 

19.95 

77.4 

28 30 

44 2 

6, 8, 10 . 

Dusted with sulphur..- . 

24,27,29_ 

8 3 

26 00 

100 0 

73.10 

100 0 

6,9 .. 

Artificially inoculated. 

16. 22, 29. -. 

100.0 

22 30 

85 8 

60 90 

69 6 

10, 12, 14 - 

Dusted with sulphur . .. 

24, 27, 29... 

4 3 

26 53 

100 0 

67 77 

100 0 

11, 13 - - 

Artificially inoculated 

22, 29_ 

100 0 

23 10 

87 1 

47 35 

69 9 

14,16,18 

Dusted with sulphur . 

‘ 24, 29 _ 

1.2 

27 07 

100 0 

66.10 

100 0 

15,17-- _ 

Artificially inoculated . 

29. 

100.0 

24.00 

88.7 

38 40 

58.1 

18, 20, 22, 24, 26, 
28, 30 

Dusted with sulphur.. 

24,29. _ 

.2 

27.46 

100 0 ! 

59.99 

100 u 

10, 23, 25, 27, 29-- 

None.-.. - 


24 0 

25 04 

91.2 

44.48 

lJ'*' 


» Plot 14 was dusted with sulphur June 24, 27, and 29 


The greatest decrease in bushel weight and in yield per acre was 
observed in those plots first artificially inoculated on June 9. These 
plots yielded 44.2 percent as much as the adjoining sulphur-dusted 
ones, and the bushel weight of the grain from the artificially inocu¬ 
lated plots was only 77.4 percent as much as that of the grain from 
the sulphur-dusted check plots. The decrease doubtless would have 
been even greater had the sulphur dusting entirely prevented the 
appearance of rust in the check plots. Those plots in which the 
initial inoculation was made on June 10, a w^eek later, shovred a 
much smaller reduction in bushel weight and yield. There was no 
si^ificant difference in reduction in yield between the replications 
initially inoculated on June 10 and June 22, respectively. There 
was, however, an apparently significant difference in the bushel 
weights of the two treatments. The reduction in yield of the plots 
inoculated June 29 was greater than that of those inoculated June 
10 and 22, although the redu(*4ion in bushel weight was smaller. 
The fact that the former were dusted with double the (juantity of 
spores used for the others inoculated on the same date may account 
in part for the unexpectedly greater reduction in yield, although on 
July 5 there was no apparent difference in the degree of infection in 
any of the artificially inoculated plots. The secondary infection in 
plots 2, 4, 6, and 9 w^as apparently equal to that resulting from the 
extra inoculmn used on plots 15 and 17. There was sufficient spread 
of rust from the artificially inoculated plots to produce an avera^je 
of 24 percent infection in the five untreated plots. This apparently 
redu(‘.ed the yield approximately one-fourth, while the percentage 
weight of pie bushel was 8.8 less. 

It is evident that there is a definite relation between duration of 
rust infection and bupiel-weight reduction. Apparently the earlier 
the incidence of infection the greater will be the reduction in weight. 
This relationship^ no doubt, would have been even more evident had 
the sulphur applications been made early and frequently enough to 
prevent the appearance of an^ crown rust in the check plots. No 
such exact indication of relationship appeared between the time of 
initial infection and yield, although, with the exception of replicated 
plots 15 and 17, there appears to be a similar relationship. The 
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reduction in yield in these two plots is greater than would be expected 
on the basis of the bushel weight and from the results obtained later 
from greenhouse experiments. 

There was no indication that sulphur in itself significantly affected 
the yield. In an experiment conducted on the agronomy farm by 
the Soils Department of the Iowa State College, the application of 
sulphur to the soil did not result in any increase in the yield of oats. 

EFFECT OF CROWN RUST INFECTION ON WATER REQUIREMENT 
AND YIELD OF GREENHOUSE-GROWN OATS 

The data obtained from the field experiment conducted in 1928 and 
from numerous other field observations have shown that oats infected 
with crown rust yield less than rust-free oats and that the subsequent 
reduction in bushel weight and yield is positively correlated with the 
earliness and severity of infection. The latter is measured both by 
degree and type of mfection. A highly resistant or nearly immune 
plant may be as extensively infected as a completely susceptible plant, 
althougli this will not ordinarily be the case under field conditions. It 
is important, however, to know what relation, if any, there is between 
type of infection and reduction in yield. Since soil moisture ana 
crown rust infection, alone or together, are often limiting factors in 
successful oat production, it seemed desirable to determine the inter¬ 
relations of soil moisture, water requirement, rust infection, and yield. 
To facilitate the control and measurement of these factors, 2 sets of 
experiments were conducted, 1 in 1930 and 1 in 1933. Substantially 
the same methods were employed in both cases, e.xcept that in 1933 
some plants were grown with and .some without adequate soil moisture. 

EXPEKIMKNTS IN 1930 
Matkkial and Methods 

In the experiments conducted in the greenhouse in 1930 pure-line 
selections of Victoria ((\ T. 2401) and Markton (C. I. 2053) were used. 
Victoria is immune or nearly immune from or highly resistant to each 
of the 33 physiologic forms of Puccinia coronata acenae studied by the 
writer (7), while Markton is moderately or completely susceptible. 
One hundred and five 1-gallon glazed jars, each containing 4 kg of a 
3-to-l mixture of greenhouse compost and sand of uniform fertility 
and moisture, were used for this experiment. In order to add water 
to the soil directly and conveniently, an inverted 2}^mch clay flower¬ 
pot resting on a glass plate 3 inches square was placed 2 inches from 
the bottom of each jar and the soil was then added. A glass tube 
extended from within the clay pot to 3 inches above the top of the jar. 
Six primary grains of Victoria oats were sown in each of 50 jars on 
January 22; similarly, 50 jars were sown with Markton, leaving 5 jars 
without seed. One kilogram of clean white sand was placed on top 
of the soil in each jar to reduce surface evaporation. The moisture 
content of the soil and sand when placed in the jars was 13.95 and 3.25 
percent, respectively. After the seed was sown, the soil moisture in 
each jar was raised to 60 percent of its water-holding capacity, or 
24 percent of the dry weight, and held within a range of 55 to 65 per¬ 
cent of saturation by adding water at necessary intervals. The evapo¬ 
ration through the sand cover was estimatea from the loss in weight 



392 


Journal of AgricuUural Research 


Vol. so, no. S 


of the 5 jars without seed, which were kept at the optimum soil 
moisture. The temperature was maintained within the range 65° 
to 85° F. 

After emergence, the number of plants was reduced to 4 per jar. 
Wlien the plants were in the seedling (four-leaf) stage, 10 jars of each 
set were dusted with urediospores of physiologic form 1 of crown nist. 
A like number of each set were dusted in the early boot, early anthesis, 
and early dough stages, respectively, and each of the four lots was 
reinoculated every 2 weeks. Inoculation was accomplished by placing 
the plants in a large glass incubation chamber, spraying them with 
tap water, and dusting them with rust spores. They were allowed to 
remain in the chamber for 24 hours before removal to the greenhouse 
bench. 

The dry weight of the grain, straw,' and roots was obtained for all 
the plants used in the experiments conducted in 1930 and 1933. In 
each experiment, the plants when mature were harvested simultane¬ 
ously. Of those that developed no panicles because of rust, some, 
though dying, were still partly green when harvested. The roots were 
harvested by washing away the soil with a light stream of water. The 
loss of parts of the smaller roots was probably proportional for each 
series and insufficient to affect the significance of the differences in 
yield of roots between different series. The grain was carefully hand- 
threshed. 

Results 

The susceptible Markton plants initially inoculated in the seedling 
stap failed to head and produced 35.2 and 4.4 percent as much straw 
and roots, respectively, as the rust-free plants of the check (tables 3 
and 4). The water requirement® of these plants was almost four 
times that of the nonrusted plants. iVlthough the plants were first 
inoculated in the four-leaf stage, they were not entirely dead when hai’- 
vested. The 2-week interval between inoculations pennitted a certain 
degree of recuperation, especially when the plants were young. 
Nearly as striking was the reduction in yield of the plants initially 
inoculated in the early boot stage. The development of the panicles 
was almost completely arrested when the resulting infection appeared, 
and the few that did emerge were barren. At the time of anthesis 
the grain and roots were still susceptible to considerable retardation, 
while the rest of the plant was apparently much less affected when 
inoculated at this time. The water requirement of the plants initially 
inoculated at this stage of development was 42.3 percent greater than 
that of rust-free plants. There was no significant effect on either 
yield or water requirement of those plants initially inoculated in the 
dough stage. 

• Straw includes everything except grain and roots. 

" The terra “water requirenient as used herein refers to the ratio of the weight of water absorbed by a 
plant during its entire growth period to the weight of dry matter produced, including that of the roots. 
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Table 3. —Mean yield and water requirement^ per jar of four plants, of pure-line 
selections of Markton and Victoria oats grown in the greenhouse and infected 
with physiologic form 1 of Puccinia coronaia avenae at different stages of develop- 
rnent, in 1930 

MARKTON (SUSCEPTIBLE) 


Stage at initial infection | 

Average weight 

Average 
water used 

Average 
water re¬ 
quirement 

Oraln 

Straw 

Roots 

Total 


Oramx 

Orams 

Orams 

Grams 

KVoframs 


Soedlinti' . ... 

0.0 

24.7dt0.3 

0.7±0 1 

25.4db0.3 

21.2 

833 9±12.5 

Boot - _ 

0 

35. Idr . 2 

2 Oi: . 1 

37. i± .2 

22 6 

010 2=h 2. 7 

Anthesis. . . . . 

14. 1±:0 5 

0l.8db .5 

4.7=fc . 6 

SO.Odt .0 

24.5 

303.6=fc 2. 2 

DouLdi . . 

25 \± 3 

71 Q± 5 

14.8-t .3 

no 9rb .9 

24.6 

222 1± 2 5 

Check ... 

25 8=t 1 

70 2rh . 3 

ifl.Oi 2 

112.0-t .3 

23.9 

213. 4± 3.1 


VICTORIA (RESISTANT) 


Seedling. .. ... 

12 6±0. 2 

54 5dr0 5 

9 2±0 2 

76 3d:0. 7 

23.9 

313 0d:2 2 

Boot. 

16.6rt . 4 

57 9d= . 4 

11 3dr 1 

85.8d: .7 

23.8 

277 3d:2.2 

-\nthe'ii‘< 

19 . 4 

61 3rt .5 

16 3d: . 5 

97.2d:l 1 

23 9 

245 6d:2 4 

Dough . 

6± . 2 

65 6dt . 4 

20. Id: . 5 

109 3d: .9 

24.2 

221.4 d: 1.8 

('heck ... . 

21 0=b .2 

P3.9dr .3 

20 3d: . 4 

10**. 2d: . 5 

24 2 

223.7d:l. 1 


TABiaE 4, -Mean yield and water requirement of Markton and Victoria oats infected 
with Puccinia coronaia avenae at different stages of development, in 1930 

MARKTON (SUSCEPTIBLE) 


Stage at imtiul infection 

j 

drain 

Yield 

Straw 

' of - 

Roots 

Total 

Water re- 
quireinenli 

S.'edlmg . , . . 

Percent 

0 0 

Percent 

35 2 

Percent 

4 4 

Percent 

22 7 

Percent 
390 8 

Boot . . 

.0 

50 0 

12 5 

33.1 

285.9 

Anthesis ... 

54 7 

88.0 

29.4 

72 0 

142.3 

Dou'/h . 

97.3 

101 1 

92 5 

99.0 

KM 1 

Check .. . 

100 0 

100 0 

100.0 

100 0 

100 0 


VICTORIA (RESISTANT) 


1 

Seedling. 

1 

62 5 

85.3 

45.3 

70 5 

139 9 

Boot . 

69 2 

90.6 

55 7 

79 3 

121 0 

Anthesis.. 

81 7 

95.9 

80.3 

89.8 

109.8 

Dough . , . . 

98.3 

, 102.7 

99.0 

101 0 

99.0 

('heck... . ... .. 

100 0 

' 100.0 

100.0 

100.0 

100.0 


‘ Percentage of that of riist*free check. 


As would be expected, the yield and water requirement of the 
resistant Victoria selection were not affected nearly so much by 
crown rust infection as were those of the susceptible Markton seleo 
tion. Victoria plants initially infected in the seedling stage were 
affected to about the same degree as Markton plants initially infected 
during anthesis. The value and significance of the differences be¬ 
tween the mean yields and water requirements of the different series 
for both selections are shown in table 5.^ 

’ The value of t and its significance were calculated and determined by the method and tables given by 
Fisher (/) and Snedecorp). The value of i represents the ratio of the mean difference to the standard 
deviation of the mean difference. As the value of t becomes larger the significance of the mean difference 
becomes greater. With 18 degrees of freedom, the least value of t that can be considered significant is 2.1 
and the least value that can be considered highly significant is 2.d. 
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Table 5. —Significance of differences in mean yield and water requirement of 
Markton and Victoria oats infected with Puccinia coronata avenae at different 
stages of development, in 1930 

[Values in boldface type are highly significant indicating a level of significance beyond Fisher’s l-percent 

point, oads 99 to 1 or greater)] 

MARKTON (SUSCEPTIBLE) 


Mean difference and t value 









Stages at iDitial infeetiou 

Grain 

Straw 

Roots 


MD 

t 

Ml) 

t 

Ml) 

’ 

t 

Check seedling - - 

25 8 

166.7 

45 5 

82.1 

15 3 

40.8 

Check boot... — - -- 

25 8 

166.7 

35 1 

78.5 

11 0 

44.6 

Check anthesis . _. - 

11 7 

46.5 

S 4 

11.3 

11 3 

46.4 

Check dough--- -- 

7 

1 7 

- H 

9 

1 2 

2 0 

Boot seedling_ . . 

.0 

.0 

10 4 

20.0 

I 3 

11.0 

Anthesis boot- - . .. 

14. 1 

76.7 

20 7 

37.0 

2 7 

22.5 

Dough anthesis. -- -- 

11.0 

33.1 

9 2 

8.4 

10 1 

25.5 


Total 

Water 

weight 

re<iuireinent 

MI) 

t 

MI) 


so 0 

137.6 

'120 5 

36.0 

74 9 

139.0 

390.8 

72.6 

31. I 

33.7 

90 2 

17. S 

1 1 

9 

S 7 

1 0 

11 7 

21.5 

'm 7 

13.1 

43 5 

40.4 

300 0 

67.0 

30 3 

21.1 

81 5 

18.7 


VICTORIA (RESISTANT) 


Check seedling. 

Check boot_ -- 

Check anthesis— . 

Check dough.. 

Boot seedling. 

Anthesis boot. . - 

Dough antliesis. 


11 4 

28.5 

9 4 

11.0 

11.1 

17.8 

31 9 

29.4 

89 3 

27.0 

7 4 

12.5 

0 0 

8.5 

9 0 

14.8 

22 4 

20.3 

53 0 

16.4 

4 4 

7.5 

2 0 

3.4 

4 0 

4.8 

11 0 

7.2 

21.9 

6.3 

.4 

.9 

-1 7 

2 4 

2 

3 

1 1 

8 

2 3 

.8 

4.0 

6.6 

3 4 

3.7 

2 1 

6.5 

9 5 

7.8 

35 7 

8.7 

3 0 

3.8 

3 4 

4.1 

5 0 

8.0 

n 4 

6.8 

31 7 

7.3 

4 0 

6.6 

4 3 

5.1 

3 8 

4.4 

12 1 

0.7 

21 2 

6.1 


Markton is eoinpletely suscepiiblo to crown rust pliysiologic form 
1, while Victoria is lii.i 2 :hly resistant. The uredia on Markton were 
large, with no necrosis and little or no chlorosis iniinediately sur¬ 
rounding them. In the case of Victoria the uredia were compara¬ 
tively few, very small, and always surrounded by necrotic, areas; 
also, there were numerous necrotic areas that failed to produce uredia. 
The percentage of actual infection on the two varieties was approxi¬ 
mately equal throughout the investigation and was regularly 90 to 
100 percent following each inoculation. The effec’.t of the rust on 
yield and water requirement was much greater for Markton (figs. ) 
and 2). Plants of both varieties initially inoculated in the seedling, 
early boot, and first anthesis stages of develoi)ment showed a highly 
significant reduction in yield of all plant parts and a consequent 
increase in water requirement as com])ared with those of the rust-free 
plants. In each variety there were also highly significant differences 
between the effects of the rust on these different series. Infection 
resulting from inoculation made in the dough stage evidently was too 
late to affect significantly the yield and hence the water requirement 
of either variety. 

In the greenhouse, where the soil moisture was held nearly constant 
and optimum, crown rust infection retarded both heading and ripiuiing 
(fig. 3). Markton plants initially inoculated in tlie seedling and 
early boot stages failed to head at all, while in the remaining series all 
of the plants headed at the same time. Those plants initially inocu¬ 
lated in early anthesis matured about 4 days later than the rust-free 
plants. Victoria plants, inoculated in the seedling, early boot, early 
anthesis, and dough stage, were in full head on May 22, 17, 12, and 
12, respectively. The dates of ripening were correspondingly affected. 
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The reduced yield of grain of Markton resulted from complete 
absence of kernels on those plants initially inoculated in the seedling 
and early boot stages and fewer and lighter kernels for those first 
inoculated in early anthesis (fig 4). Bust infection during anthesis 
caused much floral sterility and reduction in size of grains. The per¬ 
centage of hulls also was definitely affected. The grain harvested 
from those plants first infected in this stage of development contained 
31.4 percent of hulls, while that from the rust-free plants contained 
only 20.6 percent. Crown rust infection of Victoria, even when 
started in the seedling stage, seemed to cause little sterility. Most 
of the reduction in yield of grain was apparently due to smaller and 
lighter kernels (fig. 5). The effect of rust on the percentage of hulls 



Stage at initial iNftcTiON 

FrcuKE I "Yield and water requirement of a susceptible selection of Markton oats and a resistant selection 
of Victoria oats initially infected with form 1 of crown rust in seedling, boot, anthesis, and dough stage 
m 1930. 

in the grain harvested from the different series of Markton and 
Victoria is shown in table 6. 

1'able 6. - Effect of rust on percentage of hulls in grain from Markio7i and Victoria 

oatSf 1930 


Seedling 
Boot.. 
Anthesis. 
Check... 


Stage at initial infection 

Markton 

Victoria 

‘' - -- -- 

Percent 

0) 

(') 

31.4 

20.6 

Percent 
29.2 
27 9 
26.1 
25.0 


’No grain. 
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FiflURE 2.—EfTect of crown rust infection on yield of a susceptible selection of Markton oats and a resistant 
selection of Victoria oats; A, Markton, initially infected in (a) seedling, (6) boot, and (c) anthesis stage; 
(rf) check. Bt Victoria, initially infected in (a) seedling. (6) boot, and (c) anthesis stage. C, Roets from 
Victoria (upper) and Markton (lower) initially infected in (a) seedling, (6) boot, (f) anthesis, and (rf) 
dough stage; («) check. 
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The average quantity of water used weekly by the Markton and 
Victoria plants in the different series is shown in figures 6 and 7. 
The data for plants inoculated first in the dough stage are not in¬ 
cluded because in neither variety did they differ significantly from the 
uninoculated plants. Although the water requirement of both varie¬ 
ties was greatly increased as a result of rust infection, the total water 
consumption of the infected plants initially inoculated in the seedling 
and boot stages was lower than that of the rust-free plants (table 3). 
The retardation of growth caused by the rust and the consequent 
reduction in yield resulted in a lower total water consumption but in 
a higher ratio of water to total dry weight. The direct effect of 



Fiouke 3.‘"Ktfect of crow'n rust infection on hendinff of (.1) Markton oats and (B) Victoria oats, initially 
inoculated in (a) seedling, (ft) boot, and (c) anthesls stage. Photographed May 10, 1930, at the time of 
the anthesls stage inoculation. 


crown rust infection on transpiration is evident following the initial 
inoculation of the Markton plants infected first in the seedling, boot, 
and an thesis stages (fig, 6). Coincident with the appearance of 
uredia, the water loss from the initially inoculated plants in these 
series showed a significant increase over that from similar noninfected 
plants. This difference was evident until the infected tissues began 
to die, i. e., about 2 weeks after the appearance of uredia. A similar 
but less striking difference was evident m the water consumption of 
initially inoculated Victoria plants. Since the degree of infection on 
the two varieties was approximately equal, it appears that infection 
with many large uredia and no necrosis causes greater retardation of 
growth and destruction of tissue, as well as greater increase in tran¬ 
spiration, than does infection with a few small uredia and much 
necrosis. 
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EXPERIMENTS IN 1933 
Material and Methods 

An experiment somewhat similar to the one just described was con¬ 
ducted in 1933, except that 4-gallon instead of 1-gallon jars were used, 
and ground cork rather than sand was employed to prevent evapora¬ 
tion. Sixty-five jars, each containing 15 kg of greenhouse compost 
and sand in the ratio of 3 to 1, with an inverted 4-inch flowerpot as a 
water reservoir, were used. Primary grains of three pure lines of oats, 
selected from the varieties Markton (C. I. 2053), Victoria (C. I. 2401), 
a pure-line selection susceptible to form 7, and Bond (C. I. 2733), were 
planted, 20 grains per jar, with 20 jars for each pure line. After 
emergence the numher of plants per jar was reduced to 15. Five 



Figure 4.—Mechanically separated random samples of primary (larger) and secondary (smaller) grains 
from a susceptible selection of Markton oats: A, noniufected; B, initially infected in the anthesis stage 
with form 1 of crown rust in 1930. 


jars were not planted. The moisture content of the soil when added 
to the jars was 11 percent of the dry weight. Immediately after 
planting, the moisture content of the soil of 12 jars of each pure line 
and of 3 of the jars without seed was brought up to 85 percent of its 
water-holding capacity, while that of the remaining 8 jars of each pure 
line and of the 2 jars without seed was raised to 50 percent of its water- 
holding capacity. The soil in these two sets was maintained at a 
moisture content of 80 to 90 percent and 45 to 55 percent of saturation, 
respectively. 

Plantings were made on April 9, 11 weeks later than for the similar 
studies in 1930. This allowed for the longer days and higliAr tem- 
peratiires that more nearly correspond to those of the &ld. No 
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attempt was made to maintain a constant temperature, and in June 
and eTuly tlie temperature in the greenhouse was often 90° to 100° F. 
The degree of infection on the inoculated plants was held as near as 



Figure 6. - Mechanically .separated random .samples primary (larger) and secondary (smaller) grains 
from a resistant selection of Victoria oats' A, noninfected; B-D, initially infected in (B) seedling, {O 
boot, and (/)) anthesis stage with form 1 in 1930. 


possible to 50 percent, and that on the susceptible selections always 
within the range of 40 to 70 percent. 

The plants in 5 jars of each variety (3 with 85 jwrcent and 2 with 50 
pOTcent soil moisture) were initially inoculated in the seedling stage 
with form 7 of crown rust and reinoculated every 2 weeks until ma¬ 
turity. Similarly, plants of each pure line in an equal number of jars 
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Fkjure ft.—Averagw weekJ.v water cousuruption of a susceptible selection of Marklon oats initially inocu 
lated In seedliiiR (it), boot (ft), and anthesis (a) stace, in coniiKanson \\ ith the noninfected check, in 1930. 



February March April Mav June 

FiorRE 7.—Average weekly water consumption of a resistant selection of Victoria oats initially inoculated 
in the seedling C«), boot (6), and anthesis (o) stage in comparison with the noninfected check, in 1930. 
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were initially inoculated in the boot and early anthesis stages, while 
one set was retained as an uninoculated check. The plants were in¬ 
oculated in the manner previously described, except that the uredio- 
spores were diluted with pure talcum powder before dusting. Initial 
inoculations in the dough stage were omitted in 1933 because infection 
initiated in this stage of development in 1930 did not affect signifi¬ 
cantly the yield or water requirement of either Markton or Victoria. 

Results 


The yield and water requirement of Markton, Victoria, and Bond, 
grown at 85- and 50-percent soil moisture and first inoculated with 
form 7 of crown rust in the seedling, boot, and anthesis stages, 
are shown in tables 7 and 8. The significance of the variation in 
yield due to experimental error or variation within classes, effect of 
rust infection initiated in different stages of the development of the 
host, effect of soil moisture, and the interaction or change in difference 
from stage to stage was determined by the method of analysis of vari¬ 
ance described by Snedecor (9).^ The values of the mean squares 
and tlieir significance are shown in table 9. 


Tahle 7. —Mean yield and water requirement^ per jar of /.5 plants^ of pure-line 
seleciio7ifi of Markton^ Victoria^ and Bond oats grown in ike greenhouse and infected 
urith physiologic form 7 of Puccinia coronala avenue at different stages of develop¬ 
ment, in 1933 

MAKKTONT (Sr.srEPTlBLE) 


Seoillinu . 
Bool ... 

(’hock 


1 

Soil 

moisture 


Average weight 


i 

Average 

water 

used 

Average 

1 water 

1 require- 
1 ment 

r initial infection 

(jiercentage 
of satura¬ 
tion) 

1 

drain 

Straw 

Roots 

Total 


f Kf> 

OratiLH 

0 6 

Ornms 
\ .30 8 

Grams 

3.1 

Grams 

34 4 

Kilograms 
18 1 

527 


t 60 

.6 

27 7 

2.7 

30 8 

10 6 

344 


1 S6 

6 7 

41. 6 

0 3 

1 ,66 6 

28.0 

404 

— — . 

1 .60 

4 6 

40 4 

6 7 

60,0 

13 3 

283 


( 86 

14.6 

(M).7 

11 0 

80.3 

28 « 

3:16 


1 ,60 

10 2 

47 0 

8 7 

06.9 ; 

13.0 

190 


1 8.6 

23 8 

08.4 

14 2 

100. 4 

28.0 

209 


i 60 

16 7, 

54.6 I 

n. 1 

81. 3 

13 5 

100 


VICTOKIA (SUSCEPTIBLE) 


SoedliiiR . .. 
Boot... . 
Anthesis _ , 

Check. 



/ 

1.0 

36.8 

3 8 

41.6 

i 22 1 

532 

" - 

\ 60 

1.2 

30.6 

2 8 

:u.6 

13 8 

399 


t 85 

5.6 

45.9 

8.7 

60.2 

27.2 

452 

’ ■ 

\. 

6.0 

40.6 

7.5 

53.1 

15.4 

290 


1 86 

15 7 

59.3 

12.6 

37 5 

29.6 

338 


1 50 

U.8 

46.3 1 

9.7 

67.8 

1.6.1 

223 


1 85 

28.4 

63.7 

20 5 

112.6 ! 

30.6 

272 


\ 50 

19 M 

50 4 

16 7 

86.9 ! 

16.3 

188 


BOND (NEARLY IMMUNE) 


Seodlinu 
Boot - . 
Anthesis 
Cheek 



85 

19.6 

59.4 

14.4 

93.4 

28.2 

302 

50 

14.3 

41.8 

10 5 

66.6 

16,1 

227 

85 

20.1 

61.5 

15.1 

96.7 

28.6 

296 

,60 

15.9 

45.9 

13.3 ’ 

75.1 

16.5 

220 

85 

21.8 

64.5 

15.8 

102.1 

29.3 

290 

.60 

18.0 

47.7 

14.1 

79.8 

17.6 

221 

85 

22.8 

66.6 

15.8 

104.2 

29.7 

285 

60 

18.4 

50.4 

14.8 

83.6 

17 9 

214 


^ The siKtiiflcanoe of the mean squares was determined by calculating the ratio of the larger mean square 
to the smaller. This ratio is designated as F by Snedecor. As the value of F becomes larger the significance 
becomes greater, depending upon the degrees of freedom in the two mean squares. With 3 and 12 degrees 
of freedom the least value of F that can be considered highly significant is 6.0. and with l and 12 degrees of 
freedom the least value that can be considered highly significant is 9.3. 
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Tablb 8. — M.^CLTi yield and water reyuirement^ of Mavktony Viciotiay and JBond Oats 
infected with Puccinia coronata avenae at different stages of development, in 19S3 



Markton (susceptible) 

Victoria (susceptible) 

Bond (nearly immune) 

stage at Initirtl infect ion 

! 

High soil 
moisture 

Low soil 
moi-itur? 

1 

High soil I 
moisture 

Low soil 
moi-^tur? 

High soil 
moisture 

Low soil 
iiioisiure 

Seedling... 

Boot.. 

Anthasis . - 

Check... 

Percent 

2 1 
2:1 9 
61 3 
100 0 

Percent 
3.2 
28 7 
65 0 
100.0 

i 

Percent 

3 6 1 
19.7 
55 3 
100 0 

Percent 

6.1 
25.3 
50 6 
100.0 

Percent 
86.0 
88.2 
05 6 
100 0 

Percent 

77 7 
86.4 
97.8 
100 0 


Soedluig-- 

Boot. 

Anthe.sis- 

Check, 


— - — 

—^—- 

--— 

— — 

— - — — 

45.0 

50 8 

57.8 

60 7 

<10 5 

65. 2 

74 1 

72 1 

80 6 

93.8 

88.7 

86 2 

93 1 

91.9 

90 8 

100 0 

100.0 

100 0 

100 0 

100 0 

__ 

-- 

_ -—!. 

- _ 

• -- 


Seedling . 
Boot. 
Anthesls 
Check, 


Seedling... 

Boot.- 

Anthftsis- 

Cheek... 


WATER RKQl IKF.MKNT 


- — - 

— - — 

— — — 

--— 

— --- - - 

195 9 

207 2 

195 6 

212 3 

106 0 

183 6 

158.4 

106 2 

154.3 

103 9 

124 5 

118 1 

124 3 

1 IK 6 

lOl 8 

100.0 

100 0 

100 0 

100 0 

100 0 

_ 1 

___ _ 

. 

—- 



» Percentage of that of rust-free check 

Table 9. —Analysis of the variation in yield and water requirement of Markion, 
Victoria, and Bond oats infected with physiologic form 7 of Puccinia coronata 
avenae, in 1933 

(Values in boldface type are highly significant (level of significance be.von<l Fisher’s l-percenl point, oflds 

90 to 1 or greater) 1 

M \KKTON (SPS(’KPTIBLK) 


Mean s'piares 


Source of variation 


Experimental error. 
Between stages 
Between moistures 
Interaction ... 


Experimental error 
Between stages... 
Between moistures 
Interaction. 


Degrees 






of 

freedom 

Gram 

Straw 

Roots 

Total 

weight 

Total 
water re- 
(luirement 

12 

0.17 

0 58 

0 23 

2 88 

185 42 

3 

416.53 

1,C64.36 

06.83 

3,003.79 

54,036.83 

1 

61.36 

368.30 

13.33 

940.73 

139,100.80 

3 

31.04 

41.6!) 

3.09 

143.13 

3, m, 78 


VICTORIA (SUSCEPTIBLE) 


12 

0.60 

1 86 

0.65 

5. 46 

3 

336.08 

383.03 

313.36 

3,776. 76 

1 

30.06 

433.06 

33.33 

1,073.31 

3 

1 10.31 

31.76 

2.14 

164.30 


211 72 

5«.462.13 
73.307.30 
1.301.14 


BOND (NEARLY IMMUNE) 


JBxperixoental error. 
Between stages .... 
Between moistures.. 
KntMaotion.. 


12 

1.76 

2 03 

0 85 

11.19 

178.80 

3 

14.33 

46.43 

6.34 

176.88 

204.32 

1 

83.68 

1,387.18 

31.68 

3,443.33 

34,883.33 

3 

.38 

1.38 

1.85 

8.56 

16.68 












Mar. 1, im 


Effect of Crovm, Rust Infection on Oats 


403 


The 1933 yields were much lower than those of 1930, probably 
because of the excessive heat. A 50-percent infection with form 7 
on Markton caused a decrease in yield and an increase in water 
requirement smaller than those caused by a 100-percent infection 
with form 1 in 1930. Crown rust infection again reduced the yield 
of grain more than that of any other part of the plant; the roots 
were the parts next most affected, and the straw, or remaining plant 
parts, were the least affected. Rust infection caused a greater reduc¬ 
tion in the yield of the sus(‘eptible Markton oats when grown at 85- 
percent soil moisture than when grown at 50 percent (fig. 8). The 



Fr<}rRE H Yield and wiiler requirement of a 'JUsccphbJe selection of Markton oats grown at 85- and 50- 
percent soil moisliire and initially infected in seedling, boot, and anlhesis stage with form 7 of crowm 
rust, in lUW. 

increase in total water rcfiuirement due to infection was greater at 
85-percont soil moisture for those plants initially inoculated in the 
boot and anthesis stages but lower when inoculations were started 
in the seedling stage. Plants growing at a soil moisture of 50 per¬ 
cent regularly yielded significantly less than those growing at 85- 
porcent soil moisture, regardless of the time of initial infection. Low 
soil moisture decreased the yield of grain more than that of any other 
plant structure, but caused an even more significant decrease in the 
water requirement of all plants. 

The pure-line selection of Victoria used in 1933 was susceptible to 
form 7. This was not the same reaction as that shown by the parent 
variety or the pure-line selection used in 1930. The selections, how- 

131915—35 
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ever, appeared to be identical morphologically. The effect of infec¬ 
tion with form 7 on the yield and water requirement of the susceptible 
pure line of Victoria (fig. 9) was very similar to the effect on Mark- 
ton. The increase in total water requirement for each variety was 
greater at 85-porcont soil moisture for those plants initially inoculated 
in the boot and flower stages, but lower when inoculations were 
started in the seedling stage. The decrease in yield due to rust in¬ 
fection was, with two exceptions, regularly greater at the higher soil 
moisture, although the differences usually were small. Both varie- 



Staoc at initial infection 

Figi'Bk 9. Yielti anti water retiuirement of a susceptible selection of Victoria oats grown at 85- and r>0- 
percent soil moisture and initially infected in the seedling, l)oot, and anthesis stage with form 7 of crown 
rust, in 1933 

ties, with one exception, regularly showed significantly higher yields 
at the higher soil moisture. 

The yield and water retiuirement of the nearly immune pure-line 
selection of Bond, when infected in the various stages with form 7, 
is illustrated in figure 10. Although the quantity of inoculum applied 
was always equal to if not greater than that applied to the susceptible 
Mark ton and Victoria selections, the percentage of infection on Bond 
was consistently about 15 and never more than 30. As previously 
mentioned, uredia were entirely absent, chlorotic or slightly necrotic 
flecks being the only macroscopic evidence of infection. This slight 
and resistant type of infection, however, evidently caused a signifi¬ 
cant retardation in the development and yield of the plants. 
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The experiments conducted in 1933 show that infection with form 
7 decreased the yield of the susceptible pure lines of Markton and 
Victoria to a relatively greater extent at a soil moisture of 85 percent 
than at a soil moisture of 50 percent. The lower soil moisture sig¬ 
nificantly reduced the yield of all plant parts of the susceptible 
selections, but not so much as did infection initiated in either the 
seedling or the boot stage of the host. Crown rust affected the yield 
of grain of these same selections more profoundly than diet the lower 
soil moisture, while in the case of the Bond selection the low soil 



5ta9C at initial infection 

Figure lo,- Yieltl anti water requirement of a nearly Immune selection of Bond oats grown at 85- anti 5U- 
percent soil moisture and initially infected in the seedling, boot, and anthesis stage with form 7 of crowm 
rust, in 1933. 

moisture affected the yield more than did the rust infection, even 
when the latter was initiated in the seedling stage. In general, on 
both susceptible and resistant selections the yield of grain was most 
affected by rust, the yield of roots somewhat less so, and the yield 
of straw least. Rust infection caused a higher water requirement on 
both susceptible and resistant selections, but the effect was many 
times greater on the former; and the earlier the infection of either, 
the more pronounced the effect. The lower soil moisture, although 
it gi’oatly decreased the yields of all series, brought about a much 
lower water requirement. 
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EFFECT OF CROWN RUST INFECTION ON THE RATIO OF ROOTS 

TO STRAW 

Crown rust infection, as it occurred on the plants studied under 
greenhouse conditions in 1930 and 1933, was limited primarily to the 
leaf blades and leaf sheaths, with some infection frequently present 
on the stems and panicles. Infection was not observed on the grains, 
although the glumes were often slightly infected. The roots obviously 
were free from rust. All of the tissues included as straw were more 
or less infected; and, although most of the food used by the plant is 
manufactured or elaborated in these same tissues, the yield of straw 
was least affected by the rust, while the yield of rust-free grain and 
roots was greatly reduced. 

Crown rust apparently affects the yield of grain and roots indirectly 
by reducing the food supply available for translocation to these parts. 
Long {5) found that a heavy infection of crown rust on a susceptible 
oat variety reduced the photosynthetic activity of the host 52 percent. 
Her data indicate that rust infection interfered seriously with the 
accumulation of reducing sugars and impaired by more than 50 per¬ 
cent the ability of infected tissues to elaborate carbohydrates. Any 
factor thus affecting the photosynthetic activity of the host would 
tend to decrease the ratio of the roots to the tops or straw bec’ause of 
the diminished translocation of food materials to the roots. Turner 
{10) reports that barley plants grown in the shade had a lower ratio 
of roots to tops than similar plants grown in sunlight. Crown rust 
brings about a reduction in the yield of all plant parts, but most re¬ 
duction occurs in those parts most distant from the point of infe(*tion, 
which in this case are the parts farthest from the source of elaborated 
foods, as indicated in table 10, wdiich shows the ratio of roots to straw' 
in the experiments conducted in 1930 and 1933. 


Table \0.--Effect of crown-ruM infection on mot and straw ratios 


W'eiRht of roots as parrpntaKe of the weight of straw 


Stage at initial infection 


Seedling_ . 

Boot _ 

Anthesis-., . 

Dough. 

Check. 


J930 



19 

33 





Markton 

Victoria 

Bond 

M ark- 
ton 

Vic¬ 

toria 

High 

Low 

High 

I/OW 

High 

Low 

soil 

soil 

soil 

soil 

soil 

soil 



nioi.s- 

mois- 

inois- 

niois- 

iiiols- 

niois- 



ture 

ture 

ture 

ture 

ture 

ture 

2 8 

1ft 9 

10.1 

9 7 

10 3 

9 2 

24 2 

25 1 

5 7 

19.6 

14 1 

14 1 

19.0 

18 6 

24.0 

29 0 

7 ft 

2ft 6 

18 1 

18.5 

21.1 

21.0 

24 6 

29.0 

20,8 

30 0 





22.8 

31.8 

‘mn 

20*4 

' ,32. 2” 

** 33.‘i* 

24 1 

29 4 


The ratio of the roots and grain to straw and the ratio of roots to 
tops were reduced in yjroportion to the severity and total duration of 
infection. In 1930, with a 100-percent infection, the ratio of roots to 
straw of the susceptible Markton selection was reduced from 22.8 
percent for the rust-free plants to 2.8 percent for those initially infected 
in the seedling stage, while the corresponding reduction for the 
resistant Victoria selection was from 31.8 to 16.9 percent. There is 
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a consistent relation between the total duration of infection and the 
reduction in the ratio of roots to straw for both the susceptible and 
resistant selections, although the reduction is much more pronounced 
in the susceptible selections. 

The 1933 data for these crown-rust susceptible selections of Mark- 
ton and Victoria were very similar to those obtained for these selec¬ 
tions in 1930, except that the reduction in the ration of roots to straw 
was not so great. The relation between the duration of infection and 
tlie redu(*,tion of the ratio of roots to straw is clearly evident at both 
soil moistures. When infe(‘tion was initiated in the seedling stage 
the ratio of roots to straw was smaller at the lower soil moisture, but 
as initial infection was delayed the ratio of roots to straw tended to 
become greater at the lower soil moisture. Rust had very little effect 
on the ratio of roots to straw of the nearly immune Bond selection, 
wliile the lower soil moisture brought about a consistent increase in 
tlie ratio of roots to straw. 

The ratio of roots to tops or straw is doubtless of great importance 
under held conditions. Heavy epiphytotics of crown rust usually are 
preceded by a period of wet weather with attendant high humidity 
and soil moisture. These conditions, while highly favorable for rust, 
are also favorable for top growth, and as stated by Loomis (6*), root 
development suffers. Then as rust appears and increases, the ratio 
of roots to tops is still further decreased by the effect of the fungus. 
This results in a topheavy plant with luxuriant foliage, heavily infected 
with rust, and with a dwarfed root system. Such a plant is at a great 
disadvantage when, as is often the case late in the season, deficient 
soil moisture becomes a limiting factor. The lack of a sufficient root 
system directly reduces the ability of the plant to obtain moisture, 
while, at the same time, as a result of the rust infection, its water 
requirement is greatly increased. Tlie food supply is much less be- 
(^ause of the dwarfed root system and limited water supply, while the 
fungus interferes directly with the photosynthetic processes of the 
infected plant. The pathogene, growing at tlie immediate source of 
elaborated plant food, is in a position to satisfy its own needs before 
translocation takes place. In consequence, the grain and roots, being 
farthest from these infected tissues but dependent upon them for their 
food supply, suffer the most serious loss. 

DISCUSSION AND CONCLUSIONS 

The results of these investigations in 1928, 1930, and 1933 indicate 
that the effect of crown rust on photosynthesis, date of ripening, total 
yield, and water requirement oi susceptible and resistant varieties of 
oats varies with the degree and type of infection, the stage of growrth 
of the host, and the duration of infection. Crown rust infection 
affected significantly the yield and water requirement of both sus¬ 
ceptible and resistant varieties when it appeared at any time before 
the dough stage of host development. The longer the duration and 
the more abundant the infection the greater was the decrease in yield 
and the increase in water requirement. Susceptible varieties that 
become heavily infected early and so remain until maturity majr yield 
no seed at all, while similar infection initiated during anthesis may 
cause a 50-percent reduction in the yield of grain. The yield and 
water requirement of a resistant variety are much less affected. An 



408 


Journal of Agricultural Research 


Vol. 50, no. 5 


infection with a few small uredia and much necrosis on the resistant 
Victoria selection in 1930 reduced the yield of ^rain approximately 
one-half as much as did an equal amount of infection with many larp^e 
uredia and no necrosis on Markton. A resistant variety showing only 
chlorotic or necrotic flecks or a few small uredia in necrotic areas will 
apparently be damaged much less than a susceptible variety with an 
equal amount of infection in which uredia are abundant but with no 
surrounding necrosis and little chlorosis. For a given area chlorotic 
infection apparently causes less damage to the host than does a nec¬ 
rotic one, while an infection characterized by abundant uredia unac¬ 
companied by any surrounding necrosis and with little chlorosis causes 
much more damage than either of the former. When the percentages 
of infection are equal, the effect of all infection types on the amoimt of 
functioning leaf area is probably about the same, but their effect on 
the metabolism of the host is evidently very different. 

Under field conditions the amount of infection on a resistant or 
nearly immune variety is automatically restricted because of the par¬ 
tial or complete elimination of the source of inoculum for secondary 
and later infections. As the acreage of a resistant variety is increased 
the amount of inoculum available for secondary and later infections 
becomes less, while with a susceptible variety the amount of inoculum 
and the resulting infection become greatly increased. This particular 
advantage of a resistant variety may be easily overlooked in nursery 
tests where resistant and susceptible sorts are grown near each other. 
There resistant varieties usually are subject to severe infection from 
neighboring susceptible varieties and their yield may be reduced to 
the point where it docs not surpass that of the susceptible ones, while 
under field conditions the resistant varieties might be far superior. 

Reduced yield of grain was expressed in terms of fewer and lighter 
kernels. Infection initiated on susceptible selections in or before the 
boot stage caused partial or complete absence of kernels, depending 
upon the amount of infection; while infection initiated during an thesis 
affected mainly the size of the kernels. On resistant selections, rust 
infection did not appear to cause much sterility but chiefly affected 
the weight per kernel. The decrease in yield of grain of susceptible 
selections, due to rust infection, was slightly greater at the higher 
soil moisture. A combination of heavy rust infection and low soil 
moisture apparently will cause a much greater loss in yield than either 
one alone, even though the percentage of loss caused by the rust be 
slightly greater at the higher soil moisture. 

Crown rust infection increased the water requirement of both 
susceptible and resistant plants in about the same manner and degree 
that it decreased the yield of grain. Lowering the soil moisture, 
on the other hand, decreased the water requirement. The decrease in 
water requirement of the susceptible selections, due to the lower 
soil moisture, was not sufficient to compensate for the increase 
caused by rust infection initiated in the seedling or boot stages but 
was more than equal to the increase due to infection initiated during 
anthesis. In the case of the resistant selection the lower soil moisture 
reduced the water requirement 25 percent, while rust infection initi¬ 
ated in ^thesis increased it only 6 percent. 

Rust infection probably affects the water requirement directly 
by mechanical injury and indirectly by its effect on the metabolism 
of the host. There was a perceptible increase in the water consump- 
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tion of initially infected plants about the time the uredia ruptured 
the epidermis. These infected plants continued to use more water 
than similar rust-free plants for a period of about 2 weeks, when the 
infected tissues began to die. The increased water requirement of the 
infected plants was mostly due to the reduction in yield, but since the 
retardation of growth was caused by rust, this increased water re¬ 
quirement and lower total consumption of water was indirectly a 
result of nist infection. 

The data presented in this paper are of interest in that they permit 
of a more accurate estimation of the amount of damage that may 
result from a moderate or heavy infection of crown rust under field 
conditions. There is probably a tendency to underestimate the 
damage caused by crown rust because the parts of the plant actually 
infected suffer less than the ^ain and roots, wliich are not infectea. 
The fact that oat plants heavily infected with crown rust may, under 
favorable conditions, retain a rather luxuriant foliage often causes 
the lavman to believe that little damage is done to the plant, when, 
in reality, the yield of grain is greatly reduced by the rust. These 
data also emphasize the importance of (considering the degree and du¬ 
ration of infection when evaluating the damage likely to occur as a 
result of rust infection. 

Although it is evident that most of the loss caused by crown rust 
may be prevented by dusting with sulphur at proper intervals, 
the most desirable method of combating the disease is obviously tliat 
of develo})ing rust-resistant varieties. The value of any high-yielding 
selections or varieties endowed wdth Victorians resistance to form 1 
should not be overlooked, while near immunity, such as that exhibited 
by the Bond s^dection, affords virtually complete protection from 
crow n rust. 

SUMMARY 

lomine oats growing under field conditions in 1928 and showing a 
lOO-percent infection artificially initiated on June 9 produced 44.2 
percent as much grain jis sulphur-dusted oats of the same variety 
with 11.7 percent infection. Oats of the same variety with 24-percent 
infection yielded 74.1 percent as much grain as nearly rust-free ones. 
There was evident a strong positive correlation between early initial 
infection and reduction in yudd and weight per bushel. 

Early infection retarded the date of heading of lomine plants, 
although these same plants showed premature ripening before the 
later heading, less rusted plants. The premature ripening of the 
heavily rusted plants was apparently duo to their greater susceptibil¬ 
ity to injury from the excessively hot dry weather of early July. 

Two pure lines of oats, selected from Markton and Victoria, the 
former completely susceptible and the latter highly resistant, were 
grown to maturity in the greenhouse in 1930 and subjected to a 
90- to 100-percent infection of form 1 of crown rust. A study was 
made of the relation of the length of the infection period to yield and 
water requirement. 

Crown rust infection initiated on plants of both selections in the 
seedling, boot, or anthesis stage of growth resulted in a significant 
reduction in yield and increase in water requirement. Infection 
started in the dough stage of growth had no significant effect on either 
selection. 
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The reduction in yield and increase in water requirement were 
positiveljr correlated with the length of the infection period. 

Infection initiated in the seedling and boot stages completely 
checked the production of grain on the susceptible selection, while the 
yield of the resistant one was 52.5 and 69.2 percent, respectively, as 
much as that of the rust-free plants. 

The reduction in grain yield was due to the production of fewer 
and lighter kernels. Rust infection increased the percentage of hulls 
in the grain. 

Except where the yield of grain was entirely inhibited, the yield 
of roots was reduced most and that of the straw least. 

Susceptible plants first infected in the seedling stage used 290.8 
percent more water per unit of dry weight than rust-free plants, 
while resistant plants used only 39.9 percent more. 

Three pure lines of oats, selected from Markton, Victoria, and Bond, 
the first two completely susceptible and the last nearly immune, 
were grown to maturity at two soil moistures in 1933. The sus¬ 
ceptible plants were subjected to a 40- to 70-pert*ent infection with 
form 7 of crown rust, while the amount of infection on the nearly 
immune plants was 15 to 30 percent. 

The lighter infection in 1933 reduced the yield and in(‘reased the 
water requirement of the susceptible selections in a manner similar 
to but less than the heavy infection in 1930. 

Rust mfection tended to have a greater effect on the yield and water 
requirement of the susceptible selections at the higher soil moisture, 
while on a nearly immune Bond selection the effect was greater at the 
lower soil moisture. 

The lower moisture significantly reduced the yield of all plant 
parts. With the susceptible selections this effect was less than 
that caused by infection initiated in the seedling or boot stage, 
but greater when infection was initiated in the anthesis stage, wliil(» 
in the case of the resistant Bond selection the lowei* soil moisture 
regularly affected the yield more than did the rust infection, l.ow- 
ering the soil moisture also decreased the water re([uirement of all 
plants, both rusted and rust-free. 

The ratio of roots to tops was greatly decreased l)y rust infectio.i, 
the decrease being in proportion to the duration and severity of 
infection. 
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FACTORS AFFECTING THE ABSORPTION OF SELENIUM 
FROM SOILS BY PLANTS^ 


By Annie M. Hurd-Kakrer 2 

Assodaie 'physiologist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The cause of a serious disease of livestock in certain restricted areas 
of the Great Plains has recently been traced by the United States 
Department of Agriculture, in cooperation the agricultural 

experiment stations of certain of the affected States, to ingestion of 
selenium contained in the vegetation (S).^ That selenium is absorbed 
readily by plants which thereupon become toxic to animals has been 
established experimentally (10), Some of the factors affecting this 
absorption are reported in the present paper, which supplements an 
earlier discussion (7) of the toxicity of selenium to plants. 

METHODS* 

The plants, mostly wheat (Hard Federation), vvere grown in soil 
to which selenium had been added in the form of sodium selenate 
(Na 2 Se 04 .IOH 2 O), Solutions containing the predetermined quantities 
of selenium, expressed as parts per luillion by weight of the soil, 
were added with thorough mixing to insure uniform distribution. 

Estimates of injury to the plants (indicated by number of plus signs 
in the tables) were based on the occurrence and extent of the snow- 
white chlorosis and stunting characteristic of wheat plants damaged 
by sodium selenate (fig. 1). The selenium taken up by the plants, 
exclusive of the roote, w’as determined * quantitatively by the aistilla- 
tion method {11) and e:^ressed as parts per million of the air-dry 
weight of the material. Colorimetric estimations ^ were in agreement 
with the results obtained by the distillation method. 

RESULTS 

COMPARATIVE SELENIUM ABSORPTION BY DIFFERENT CROPS 

A number of different crops were grown in greenhouse benches at 
the Arlington Experiment Farm, Rosslyn, Va., in the local Keyport 
clay loam into w^hich sodium selena^^e was mixed at a rate of 5 parts 
per million of selenium. The average temperature of the greenhouse 
was near 20° C. for the first 2 months, at the end of which period some 
of each lot of plants (except sorgo and bromegrass, which were cut a 
month later) were cut and analyzed (table 1). This temperature was 
too low to permit good grow^th of the high-temperature plants, millet, 
sorgo, and com. Of the 17 crops, only sorgo showed specific symptoms 
of selenium injury, i. e., snow-white chlorosis, often tinged with pink. 

> Received for publication Jan. 8, 1035; Oisued May 1066. 

* The writer is indebted to A. Q. Johnson, of the Division of Cereal Crops and Diseases, and to H. Q. 
Byers, M. J. Horn, T. D. Rice, and W. 0. Robinson, of the Bureau of Chemistry and Soils, for helpful 
cooperation. 

* Reference is made by number (italio) to Literature Cited, p. 426, 

* The quantitative selenium determinations were made by A. Van Kleeck, under the direction of H. Q. 
Byers, of the Bureau of Chemistry and Soils. The colorimetric estimations were made by M. J. Horn with 
his modlhoation of the Schmidt method (5). Analyses of the soils for sulphur were made by J. B. Martin 
under the direction of E. O. Shorey of the Bureau of Plant Industry. 
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Table 1. —Comparative absorption of selenium by young plants of different crops 
grown in the greenhouse with 5 parts per million of selenium as sodium selenate 
added to the soil {Keyport clay loam) 


Crop 

Condition 

Seleni¬ 
um in 
plants 

Crop 

Condition 

Seleni¬ 
um in 
plants 

Crucifera: 


!* p m. 

Gramineae: 


F.p m. 

Mustard. 

Normal. 

1,240 

German millet - . 

Growth slow_ 

590 

Broccoli-. - 

-do - 

1,180 

Oats... 

Normal-- _ 

536 

Compositae' 


Wheat_ 

.do. 

470 

Sunflower . .. 

I.«eave.s spotte<i. 

790 

Barley. 

- --do_ . . 

460 

Linaoeae. 



Proso millet.. 

Growth slow.. .. 

285 

Flax. 

Normal-- 

686 

Corn.- 

. -do. 

275 

I^Bguminosae 



Crested wheatgrass. 

Normal_ . 

255 

Sweetclover 

--_do- 

64.6 

Bromeprass-- .. . 

_do_ 

200 

Alfalfa- . - - 

--.do - - - 

660 

Sorpo. 

Growth s 1 0 w. 

130 

Pea.- 

---do. 

560 


leaves chlorotic 


Chenopodim^eae 




and pink. 


Spinach_ , 

-- do.- 

315 

i 




The data in table 1 show the greatest accumulation of selenium in 
the two representatives of the Cruciferae—mustard and broccoli. 
One of the outstanding characteristics of plants of this family is their 
capacity for absorbing large quantities of sulphur from the soil for the 
synthesis of sulphur-containing compounds, such as the gliicoside 
sinigrin, from which mustard oil is derived. If the previously sug¬ 
gested explanation (7) of sulxihur-seleniuni antagonism is correct 
(a theory based on the assumption of substitution of selenium for sul¬ 
phur in some synthesized compound in the plant) it would seem likely 
that the greater accumulation of selenium in the Cruciferae is to be ac¬ 
counted for by their capacity for high sulphur absorption. On this 
assumption the legumes that absorb sulphur in large quantities by 
virtue of their high protein content might also be expected to accu¬ 
mulate selenium readily, whereas the Gramineae with a low sulphur 
ie(|uirenient should absorb less. The data show that the three rep¬ 
resentatives of the Leguninosae were relatively high in selenium, 
exceeding in amount that found in any of the Gramineae except 
German millet, but containing less than flax and sunflower. 

COMPARATIVE SELENIUM ABSORPTION FROM KEYPORT CLAY LOAM 
AND PIERRE CLAY 

Sodium selenate was much more toxic to wheat growing in Pierre 
clay than in Keyport clay loam. In the latter soil about 15 p. p. m. 
of selenium was required for distinct chlorosis and over 30 p. p. m. for 
fatal injury (fig. 2, A), whereas in the former the addition of only 3 
p. p. m. produced definite traces of chlorosis and 10 p. p. m. was often 
fatal (fig. 2, B). 

Comparative analyses of the leaves of plants grown subsequently 
in these same pots of soil indicated that the greater toxicity of sele¬ 
nium in the Pierre clay w’as associated with greater availability to the 
plant, more selenium being taken up than from the same concentra¬ 
tions in the Keyport clay toam. Thus the data in table 2 show that 
more was absorbed from 5 p. p. m. added to the former soil than from 
10 p. p. m. in the latter, and the amount taken up from 10 p. p. m. 
in the former soil was of the same order of magnitude as that absorbed 
from 30 p. p. m. in the latter. The Pierre clay was an alkaline black 
gumbo soil, containing about 12 percent calcium carbonate, brought 
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Figure 2— Toxicity of sodium selenate to wheat plants 5 wrecks old In different soils. Numbers on pots 
show parts per million of selenium: A, Plants in Keyport clay loam, not visibly affected, by 10 parts per 
million of selenium, chlorotic and stunted with 20 and 30 parts per million; B, plants In Pierre clay normal 
with Ipirt per million, chlorotic and stunted with 6 parts per million, dead with 10 parts per inillion; 
C, plants in greenhouse potting soil (clay loam) to which 20 percent of quartz sand was added, chlorotic 
ana stunted with 10 and 20 parts per million of selenium ana dead with 30 parts per million. 
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from a naturally seleniferoiis area in Gregory County, S. Dak., for the 
experiments. It had a trace of naturally occurring selenium, but the 
quantity (less than 1 p. p. m.) was so small as to produce but 15 
p. p. m. in the control plants. However, for strict comparisons of 
the availability of the added selenate this amount should be sub¬ 
tracted from the total found in the plants in the Pierre clay. Thxis 
045 and 1,335 p. p. m. selenium were absorbed from 10 and 20 p. p. m., 
respectively, in this soil as compared with 380 and 530 from the 
corresponding additions of selenate to the clay loam. 

Table 2. —Absorption of selenium by wheat from sodium selenate added to Key* 
port clay loam and Pierre day 


Selenium 
Hdded to soil 
(I) p. in ) 

KeyiKirt clay loam 

Pierre clay 

(Vmdition of plants 

Degree of 
chlorasis 

Selenium 1 
in plants j 

Condition of plants 

Degree of 
chlorosis 

Selenium 
in plants 

0 

1 

. 

Tj 

10 . 

20. 

30 . 

36 .... 

Normal-. . _ . 

0 i 

Pp m 
« Trace i 

Normal ... 

- .--do.- 

Almost normal__ . . 

Stunted .. 

0 

0 

■f 

++ 

P p. m 

16 

.326 

330 

4.60 

960 

1,3.60 


Normal , . - . 

Siiinled- . 

Severely slunleil 
(lo 

o’ 

+++ 

+++ 

3«0 
.6.30 
1,000 
1.120 

Sevwely stunted. 

Withered, almost dead.. 









• The <IistIllation method of analyhis Indicated the pre!)ence of a trace of selenium in these plants, but 
none was detected by the codeine-sulphate method 


The differences in the amounts of selenium absorbed from the two 
soils were not due to differences in their sulphur content (7), for 
analyses showed but 0.003 percent of water-soluble sulphur in each. 
Total sulphur was 0.03 percent in the Pierre clay and 0.06 percent in 
the Kevport clay loam. Nor was hydrogen-ion concentration the 
determining factor, for increasing the alkalinity of the slightly acid 
Kevport clay loam (pH 0,7) to that of the Pierre clay (pH 8,1) by 
adding calcium carlxouate did not increase the U)xicity of the sodium 
selenate. In fact, the calcium carbonate application (1 part in 500 
parts of soil) improved the condition of the plants. It has been 
suggested ® that the difference m^ht be due to the difference in 
composition of the soil colloids. The high molecular ratio of silica 
to the sum of the alumina and iron m the colloids of the Pierre clay, 
3.5, as compared with that of the Kevport clay loam, 1.9, would 
result in more insoluble combination and decreased availability of the 
selenium in the salt added to the soil with the lower ratio {12), 

SELENIUM ABSORPTION AS A FUNCTION OP THE CONCENTRATION OP AVAILABLE 

SULPHUR IN THE SOIL 

As previously reported (6), the detection by J. E. McMurtrey, Jr., 
of the Bureaii of Plant Industry, of a resemblance between certain 
aspects of selenium chlorosis and the chlorosis resulting from sulphur 
deficiency led to the discovoiy that the toxicity of sodium selenate 
to wheat plants is conditioned by the quantity of available sulphur 
or sulphates (7). The comparative amounts of sulphur required 

» This suggestion was made by H. G. Byers, in whose division of the Bureau of Chemistry and Soils the 
eolloid ratios were determined. 
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Figure 3.—Comparative degrees of inhibition of selenium (20 p. p. m.) injury by various amounts of 
sulphur in two different soils Numbers on pots indicate grams of sulphur added to 6,000 g of soil. 
(Abnormally rapid development of the plants was due to lateness of the season, the grain having been 
sown April 26): ,4, One-month-old plants in Pierre clay injured by selenium but progressively improved 
as the amount of added sulnhur was increased; B, same plants as in 1 month later, dead with no sulphur 
treatment, wverely Injured with but 1 g, slightly injured with 3 g, and almost normal wUh b and 7 g; r, 
2-month-old plants in Keyport clay loam, severely injured with no sulphur treatment, slightly chlorotic 
with 1 g, uninjured with 6 and 7 g. 
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for prevention of the symptoms produced by the addition of 20 p. p. m. 
selenium as sodium seienate to the two soils, Pierre clay and Keyport 
clay loam, are shown in figure 3. In the former soil the addition of 
20 p. p. m. of selenium was fatal without the application of sulphur 
(A, B)f but in the latter soil it was merely injurious (C), As the quan¬ 
tity of sulphur applied to the Pierre clay series was increased from 
1 to 7 g, symptoms of injury were progressively reduced. In the 
Keyport clay loam, where sodium seienate was less available to the 
plants (table 2), less sulphur was required for a given de^ee of control. 

Table 3 gives analyses of plants of various soil expenments dealing 
with the control of selenium injury by sulphur. These analyses show 
that inhibition of injury is accompanied by a reduction in the quantity 
of selenium taken into the plant. In every experiment the quanti¬ 
ties of selenium taken up and the resulting degrees of injury bore an 
inverse relation to the amount of sulphur added to the soil. 

Table 3. —Effect of elemental sulphur applications on absorption of selenium by 
v)heat plants from sodium seienate added to Keyport clay loam and Pierre clay 
in the greenhouse {second sowings) 


Type of soil 


Keyport clay loam . 


Pierre clay. 


1)0 . 


I’lo 



Selenium 
added to 
soil 

Sulphur added to soil 

Selenium 
in plants 

Degree of 
selenium 
injury to 
plants 

Per i>ot 
of 0,000 R 

Rate of ap* 
I>lication 


P p m 

Grams 


P p.m 




1 


480 

++++ 


20 


1.1,600 

360 

-f* 



1 5 

1:1,200 

230 

0 



1 ^ 


460 

+ 



1 10 

1: 600 

150 

0 


10 



960 

+++ 



1 5 

i : 1.200 

426 

0 



0 


1..3,50 

: +++++ 


90 

2 

1:3,000 

H.’H) 

•f+ 



6 

1:1,000 

KOO 

! + 



Ifi 

!• 400 

600 

0 


Gypsum (CaSOi) also was effective in reducing the selenium taken 
up Sy wheat plants, as shown by various pot tests and also by some 
results obtained with field plots at the Arlington Experiment Farm. 
The soil in these plots was treated in the fall with sodium seienate, 
at the rate of 2 p. p. rn. of selenium, mixed in to a depth of 6 inches. 
Two of them received elemental sulphur also, at the rate of 1 part 
sulphur to 1,200 parts soil, and two others received quantities of 
gypsum containing the same amount of sulphur. Winter wheat 
was then sown. When sampled the following spring the plants con¬ 
tained from 50 to 110 p. p. m. of selenium except where sulphur had 
been added. For these the corresponding figures were 7.5 and 5 p. p. m. 
where the sulphur had been added as gypsum, and 2 p. p. m. for 
each of the plots that had received elemental sulphur. Evidently, 
both elemental sulphur and gypsum are effective in inhibiting seleni¬ 
um absorption in tne field as well as under greenhouse conditions. 

The fact that gypsum was so effective in reducing absorption of 
selenium precluded any possibility that the inhibiting action of 
elemental sulphur was a consequence of its acidification of the soil. 
Other evidence that the phenomenon occurred independently of the 

131915—35-3 
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acidifying effect was the complete control of the severe symptoms 
produced by 5 p. p. m. of selenium in the alkaline Pierre clay by the 
addition of an amount of sulphur (I part in 600 parts of soil) which 
only slightly increased its acidity, that is, from pH 8.1 to 7.9 in one 
experiment and from 8.3 to 7.8 in another.® Moreover, rendering 
the Keyport clay loam alkaline by adding calcium carbonate (1 part 
in 500 parts soil) did not lessen the effectiveness of sulphur applica¬ 
tions. Further evidence of the unimportance of acidity in selenium- 
sulphur antagonism was obtained incidentally in numerous experi¬ 
ments conducted with nutrient solutions, some of which are referred 
to in a previous publication (7). 

To determine whether excess sulphur reduces absorption of natu¬ 
rally occurring selenium as well as that added as sodium selenate, 

f )lants were growm in the greenhouse in an untreated Pierre clay 
oam ^ containing 4 p. p. m. of naturally occurring selenium. Others 
were grown with elemental sulphur added at the rate of 1 part in 
1,200 parts of this soil. The plants in the untreated soil were found 
to contain 450 p. p. m. of selenium, those in the sulphur-treated soil 
15 p. p. m. Analyses of plants from other pots by M. J. Horn with 
the colorimetric codeine-sulphate method (5) indicated a similar 
reduction. 

SELENIUM TOXICITY WITH DIFFERENT ADMIXTURES OF SAND TO SOIL 

The addition of 20 percent of quartz sand to the local Keyport 
clay loam increased the toxicity of sodium selenate to the extent 
that 10 p. p. m. of selenium, an otherwise harmless concentration in 
this soil (fig. 2, A), produced severe chlorosis and stunting (fig. 2, C). 
Likewise, 30 p. p. m., an injurious but not ordinarily fatal concen¬ 
tration, killed the plants where the sand had been added. 

This increased severity of injury in sandy soil was further demon¬ 
strated by an experiment in which different percentages of sand were 
mixed with the clay loam. Sodium selenate at the rate of 20 p. p. m. 
of selenium by weight was added to all with thorough mixing. Where 
no sand was added the young plants after 3 weeks showed but an 
occasional trace of chlorosis; with one-fifth sand there was distinct 
whitening at the base of all the young leaves; with two-fifths sand 
chlorosis was much more severe and the plants were stunted; with 
three-fifths sand the chlorotic leaves were a deep rose pink at the 
base and extremely stunted, emergence of the second leaf being 
inhibited; and with four-fifths sand the plants turned yellow and 
died shortly after emerging from the soil. The occurrence of the 
pink color on the plants in the very sandy soil agreed with previous 
observations that plants in sand cultures frequently showed this 
coloration, while those in soil did so but rarely (7). 

RETENTION OF SELENIUM BY SOIL AS SHOWN BY TOXICITY STUDIES WITH WHEAT 

In interpreting the results of some experiments on possible effects 
of soil moisture on selenium toxicity, it was necessary to know 
whether the selenium of a sodium selenate solution becomes uniformly 
distributed throughout a mass of soil on the surface of which it is 
poured. To determine this, 600 cc of a solution of sodium selenate, 

• The ^idlty determinatioiLS were made with the hydrogen electrode Immersed in 1:1 and 1:2 suspensions 
of the soU. 

in\his^r^ t)y J. B, Martin showed but 0.085 percent total sulphur and 0.002 percent water-soluble sulphur 
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enough to supply 20 p. p. m. of selenium by weight of soil, was poured 
on the surface of 6,000 g of slightly moist soil in a i0-inch pot. The 
volume of solution was sufficient to penetrate to the bottom of the 
soil mass, which was approximately 5 inches deep. After standing 
for several days this soil was transferred in seven successive layers 
to as many small pots. Then all were brought to the same moisture 
content and sown with wheat. The relative amounts of selenium 
reaching each layer were shown by the different degrees of injury 
that appeared on the plants in the seven small pots. The condition 
of the plants 3 weeks after sowing, when the third leaf was emerging, 
was as follows: 

Layer no. 1 (top layer of original soil mass)—plants stunted and yellow; too 
much injured to show white chlorosis on leaves. 

Layer no. 2—chlorosis on all leaves; moderate stunting. 

Layer no. 3—chlorosis first appearing at base of third leaf; slight stunting. 

Layer no. 4—traces of chlorosis; no stunting. 

Layers nos. 5“7—normal. 

Apparently the selenium did not all penetrate with the water to 
tlie bottom of the original soil mass, there being no evidence of 
toxicity below the fourth layer. 

To determine whether soil c'ontaining sand would be more pene¬ 
trable to selenium, the experiment was repeated with 500 ec of a 
sodium selonate solution, supplying 40 p. p. m. of selenium by weight 
of soil, poured on 6,000 g of Keyport clay loam in each of four pots, 
two of which contained an admixture of 20 percent sand. The 500 cc 
volume of solution just penetrated to the bottom of the soil mass. 
The experiment was duplicated with the same quantity of selenate 
added in a volume of 1,000 cc, which made the bottom layers very 
wet and assured more than ample opportunity for thorough pene¬ 
tration. After standing 2 days the soil in each pot was layered as 
before into seven small pots. To determine the extent to which the 
water had penetrated the soil mass under the different conditions, 
these layem were sampled for moisture content. Then, after equal¬ 
izing their moisture content, the relative selenium content of each 
layer was demonstrated by its toxicity to wheat seedlings. The 
data, together with observations on the condition of the seedlings 
at the age of 3 weeks, are reported in table 4. 

The data in table 4 show^ that without the addition of sand the 
selenium did not penetrate below the third layer of the soil in suffi¬ 
cient amount to injure the seedling^. With the addition of sand, 
enough selenium to produce clilorosis penetrated to the fifth layer. 
The top layer always contained enough to produce fatal injury 
(fig. 4). 

That the amount of selenium in the layers was not simply deter¬ 
mined by the penetrability of the original soil mass to water w^s 
apparent from the lack of correlation between the degrees of injuty 
and the moisture percentages of the layers. Distribution of the 
water was very unifoim in the upper layers of both soils, especially 
where but 500 cc was used, yet the plants ranged from a dying condi¬ 
tion in the top layer to normal or, in the sandy soil, nearly normal 
powth in the fourth. Furthermore, doubling the quantity of water 
in which the selenium was added, thereby mechanically aiding pene¬ 
tration and greatly increasing the amount of water that reached the 
lower soil layers, did not increase their toxicity. 
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Figure d.—Comparatlve growth of wheat seedlings in each of seven soil layers taken from top (left) to 
bottom (rigl)t) of four lots of soil (.4 to D) on the surface of each of which had been poured a solution of 
sodium selenate. The selenium had been added to the clay loam soil in volumes of 600 cc (series A) and 
1,000 cc (series B), and to clay loam plus sand in volumes of 500 cc (series C) and 1,000 cc (series B). 









Mar. 1,1935 


423 


Absorption of Selenium jrom Soils by Plants 


Table 4. —Retention of aelenium by soils as shown by the comparative toxicity to 
wheat of the selenium contained in successive layers of a soil mass on the surface 
of which a solution of sodium selenate was poured 



Keyport clay loam flooded with 0.56 g of 
selenate dissolved in— 

Keyport clay loom plus 20 percent of sand 
flooded with 0 56 g of selenate dissolved 
in - 

Soil layer 























(number¬ 
ed from 

500 cc 


1,000 CC 


500 cc 


1,000 cc 

top) j 












Condition 
of plants 

Leaf 

chlo¬ 

rosis 

1 

initial 

mois¬ 

ture 

Condition 
of plants 

Leaf 

chlo¬ 

rosis 

Initial 

mois¬ 

ture 

Condition 
of plants 

Leaf 

chlo¬ 

rosis 

Initial 

mois¬ 

ture 

Condition 
of plants 

Tveaf 

chlo¬ 

rosis 





Pet 



Pet. 


! 

Pet. 



1 

Dying 


14 27 

Dying.. 


20.66 

Dyintr— 


12.25 

Dying ... 


2 

Severely 

+++! 

14 54 

Severely 


18. 72 

Severely 

+++ 

12.14 

Severely 

stunted 



stunted 



stunted 



stunted 


r . --- 

Slightly 
stunt e<l. 

•1“ 

14.07 

Slightly 

stunted 

-f 

18.19 

.....do. 

+-f+ 

12.76 

.do_ 

+++ 

1 - 

NorinaL-. 

0 

14.10 

Normal. 

0 

17.99 

Slightly 

stunted 

++ 

12 57 

Slightly 

stunted. 



do_ 

0 

13.65 

...do.- 

0 

17.25 

Normal.. 

+ 

12 43 

Normal.. 

+• 

!> - _ 

-do . 

0 

13 14 

...do. 

0 

16.76 

---do.- 

0 

11 45 

...do- 

0 

7 _ 

. do . 

0 

11 76 

-do. 

0 

16 49 

_ -do_ 

0 

10,91 

...do. 

0 


1 



Other evidence of retention of selenium by the soil was obtained 
on comparing the toxicity of a sodium selenate solution to wheat 
seedlings before and after filtering through Keyport clay loam. Two 
and a half liters of a highly toxic solution containing 200 p. p. m. of 
selenium was poured on the surface of 5,000 g of soil closely packed 
in a soil cylinder 30 cm high and 15 cm in diameter. The solution 
dripped through slowly, and five 100-cc portions were collected over 
an interval of 3 days. Each 100-cc portion was diluted to 1.5 1 with 
water and poured on 7,000 g of (juartz sand in a pot, which was then 
sown with wheat. None of the seedlings showed clilorosis or other 
symptoms of injury. Control pots received an equal volume of a 
solution containing 100 cc of an equivalent water extract of untreated 
soil (to provide the same (juantities of sulphates and other soluble 
constituents) in addition to 100 cc of the selenate solution not filtered 
through the soil. The seedlings in these pots all be(‘,ame chlorotic. 
The absence of symptoms of toxicity where the selenium solution had 
been filtered through the soil was attributed to the disappearance of 
at least some of the selenium. It was concluded that when a solution 
of sodium selenate is poured on the surface of this soil the selenium 
does not all penetrate with the water in which it is dissolved but is at 
least partly retained in the upper layers. 

COMPARATIVE ABSORPTION OF DIFFERENT FORMS OF SELENIUM 

Elemental selenium is not readily if at all available to the wheat 
plant. When added to the Keyport clajr loam in quantities up to 
200 p. p. m. it produced no sign of toxicity and no trace of it could 
be found in plants tested by the codeine-sulphate method. 

When compared on the basis of equal concentrations of selenium, 
sodium selenate was decidedly more toxic than sodium selenite. 
Wlien 30 p. p. in. of selenium was added to the Keyport clay loam as 
sodium selenate, wheat plants were chlorotic, extremely stunted, and 
contained 1,000 p, p. rn. of selenium, but when it was added as sodium 
selenite the plants were uninjured and contained but 10 p. p. m. of 
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selenium. In fact, the plants were not injured by concentrations as 
high as 70 p. p. m. of selenium added in the form of the selenite and 
analyses showed absorption of but 20 p. p. rn. by weight of the tissues. 
A corresponding difference in absorption from the two salts was 
shown also by analyses of plants from other experiments. It is quite 
possible that the difference is attributable to rapid reduction of the 
selenite to elemental selenium in the soil. 

EXHAUSTION OF SELENIUM FROM THE SOIL BY SUCCESSIVE CROPPINGS 

vSuccessive sowings of wheat in the same selenized soil were pro¬ 
gressively less injured, indicating that sodium selenate was either 
reduced to a subtoxic concentration by the growth of the successive 
crops or changed to a less toxic fqrni of seleniuin, jiossibly by the 
activity of microorganisms (8). Initial concentrations as high as 30 
p. p. m. of selenium, which almost killed the plants of the first sow¬ 
ing, produced no visible effect on the plants of the fourth. In table 
5 are recorded the relative degrees of chlorosis and stunting (indi¬ 
cated by number of plus signs) shown by four successive crops of 
wheat (five plants per pot) grown to maturity in 4,000 g of selenized 
soil. The soil remained without further treatment after the initial 
admixture of sodium selenate except for the addition of potassium 
nitrate when the plants began to show nitrogen deficiency. 

Table 5. —Progressively decreased toxicity of sodium selenate for successive crops 

of wheat in the same soil 


(Eat'h crop consisted of 5 i)lants per pot] 


Crop 

Relative deRree.s of injury fo wheat 
X)lauts from the follow in" con¬ 
centrations of selenium as sodium 
selenate 

5 p p. in 

15 p. p m. 

3() p i>. m. 

First.... ..... 

0 

0 

0 

0 

+++ 

++ 

0 

0 

++-f + 

4- 

0 

1 

Second .. .... . 

Third .. ____ __ 

Fourth....... 


DISCUSSION 

In the naturally seleniferous areas of the Middle West (j?, Ilf IS) 
the vegetation is very toxic to animals, yet shows no external symp¬ 
toms of injury (S). In some of these areas surprisingly large accu¬ 
mulations of selenium in the plants are reported (/). 'f'he data pre¬ 
sented in the present paper have shown that large quantities of 
selenium can be taken up by the plant before external symptoms of 
abnormality appear. Thus 380 p. p. m. was found in the leaves of 
plants grown in the Keyport clay loam to which had been added 10 
p. p. m. of selenium (table 2), yet the plants showed no visible injury. 
Similarly, in the Pierre clay 325jp. p. m. was absorbed from I p. p. 
m. in the soil without visibly affecting the plants. This ability of 
the plant to accumulate selenium accounts for the toxicity to experi¬ 
mental animals of normal-appearing wheat grown with out Ip. p. 
m. of selenium added as sodium selenate to the local clay loam (10), 
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Wliere excess sulphur is available still larger quantities of selenium 
can be taken up by the plants without injury. Those grown in Pierre 
clay to wliich was added 15 g of sulphur per 6,000 g of soil grew 
normally with 600 p. p. m. absorbed into their tissues from 20 p. p. 
m. of selenium in the soil, yet other plants on selenized soils with less 
sulphur were injured by lesser accumulations (table 3). Thus it is 
not possible to predict the selenium content of the tissues by their 
appearance, nor to establish any particular critical concentration 
within the plant wliich when exceeded will result in injury. Under 
the conditions of the present experiments some plants showed slight 
chlorosis with but a little over 300 p. p. m. of selenium in the tissues 
and others showed no chlorosis with twice this amount. 

These experiments have suggested that whether or not the presence 
of a given amount of selenium results in visible injury depends on 
the amount of sulphur taken up to act as a protective agent by 
decreasing the chances of substitution of selenium for sulphur in 
molecules susceptible to such substitution. Tliis explanation is 
based on the theory suggested previously to explain the selenium- 
sulphur antagonism (7). The theory assumes that because of their 
chemical similarity the plant is unable to distinguish between selenium 
and sulphur. While the total selenium plus sulphur absorbed by the 
plant would increase with that in the substratum, the proportionate 
amount of selenium in this total would be the same as that in the ex¬ 
ternal medium. The relative number of selenium ions with reference to 
sulphur ions available within the plant would determine the propor¬ 
tionate number of ^‘susceptible^' molecules whose sulphur is replaced 
by selenium, and, consequently, the degree of injury to the plant. 
The excess selenium not so substituted might reasonably be supposed 
to occur in tlie plant as selenate (just as excess sulphur occurs as 
sulphate), incapable of harming the plant so long as excess sulphur 
sufficiently reduces the chance of substitution. 

If these assumptions arc correct, plants having excess sulphur 
available should aosorb without injury quantities of selenium which 
would bo fatal at lower sulphur levels. The data available indicate 
that they do. Moreover, the capacity for selenium absorption by a 
given crop should vary with the capacity for sulphur absorption and 
utilization characteristic of the species. That this generalization also 
obtains is suggested by the data in table 1, w^hich show that the 
greatest absorption of selenium occurred in the two species of the 
Cruciferae, the least in representatives of the Grarnineae, and that 
the legumes were intermediate. The tlireo groups stand in tliis same 
order with respect to their sulphur requirements (4, 9). 

SUMMARY 

Under the conditions of these experiments, the following factors 
have been found to affect the absorption and resulting toxicity to 
wheat of selenium added as sodium selenate to the soil: Available 
sulphur, soil type, percentage of sand, method of adding selenium, the 
form of selenium added, and growth of previous crops. 

Of 17 different crops grown in Keyport clay loam with 5 p. p. m. 
selenium added as sodium selenate, the Cruciferae, broccoli and mus¬ 
tard, absorbed more selenium than any others, i. e., 1,180 and 1,240 
p. p. m., respectively. It is suggested that the tendency of a crop to 
absorb selemum depends on its tendency to absorb sulphur. 
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Sodium selenate is more easily absorbed by wheat from Pierre clay 
than from Keyport clay loam. The greatest accumulation was 
1,350 p. p. m., found in plants fatally injured by 20 p. p. m. of sele¬ 
nium as sodium selenate added to Pierre clay. 

Elemental sulphur applications reduce the absorption by wheat of 
the naturally occurring selenium in the soil, as well as of that added 
as sodium selenate. Gypsum is similarly effective. 

The addition of quartz sand to Keyport clay loam increases the 
toxicity of sodium selenate in proportion to the percentage of sand in 
the mixture. 

Sodium selenate is not easily leached from Keyport clay loam, 
being at least partially retained in the upper layers when a solution 
containing it is poured on the surface. Solutions originally toxic are 
nontoxic after being filtered tlirough this soil. The presence of sand 
increases penetrability. 

Elemental selenium is apparently unavailable and nontoxic to 
wheat plants, at least in (juantities up to 200 p. p. m. in Keyport 
clay loam. 

The selenium in sodium selenate is more available and more toxic 
to wheat than that in sodium selenite, the comparison being made on 
the basis of equal concentrations of selenium. 

Sodium selenate was either changed to a less toxic form of selenium 
or reduced to a subtoxic concentration by the growth of successive 
crops of wheat. 
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DORMANCY AND MATURITY OF^COTTONSEED ‘ 

By D. M. Simpson * 

Associate agronomistf Division of Cotton and Other Fiber Crops and Diseases^ 
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INTRODUCTION 

In studying the moisture content and germination of cottonseed 
during the period of boll opening at the United States Acclimatization 
Field Station, near Charleston, S. C., it was found that germination 
tests made on the seed immediately after they were harvested were 
unreliable. The fresh seed germinated very slowly, and many seed, 
though apparently sound, failed to germinate even after being in the 
germination chambers for 24 days. However, when fresh seed was 
thoroughly air-dried and stored for a few weeks, better germination 
was obtained. 

DORMANCY OF FRESH SEED 

In 1932, seed samples of several cotton varieties were studied to 
determine the moisture content and the percentage germination 
immediately after harvesting and after drying and storing for 1 
month. Data in table 1 show the degree of dormancy of fresh seed 
of bolls open from 1 to 10 days of the upland varieties Tidewater, 
Cleveland, and Foster, and of the Seabrook strain of sea island. 

The fresh seed of all the upland varieties from bolls open 1 to 5 
days germinated very slowly, and a considerable percentage of sound 
or dormant seed remained ungerminated after being in the germina¬ 
tion chambers for 24 days; whereas complete germinations usually 
are obtained from normal dry seed in from 5 to 7 days. While more 
rapid germination and higher total percentages of germination were 
obtained from fresh seed that had remained in the field more than 5 
days, the rate of germination was not so rapid as that of seed which 
had been dried and stored, nor was the seed entirely free from dor¬ 
mancy. In practically every case, the germination percentage of the 
seed which was dried and stored for 1 month was higher than that 
of fresh seed of the same sample. In the case of seed from bolls of 
the upland varieties open only 1 and 2 days, drying and storing in¬ 
creased the germination percentages by an average of 56.4 percent. 
There was no appreciable difference in dormancy of fresh seed among 
the several upland varieties. 

I Ke(!eived for publioatiou Sept. 2fi, 1934, issued May 1935. 
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Table 1. —Dormancy of cottonseed during the period of boll opening at the United 
States Acclimatization Field Stationf James Island^ S. C.y 1932 
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Table 1.— Dormancy of cottonseed during the period of boll opening of the United 
States Acclimatization Fied Station^ James Island^ S. C., 1932 —Continued 
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From the differences in germination of fresh and dried seed, it is 
evident that the percentage of sound seed remaining in the germinator 
after 24 days did not represent the total percentage of dormant seed. 
The results indicated that many seed which rotted under the condi¬ 
tions of high temperature and moisture in the germinator would have 
germinated if they had been dried and stored for a short period. 

The total germination percentages of both fresh and dried seed 
were affected by the length of time during which the seed had been 
exposed previously in the field, but some degree of dormancy was 
evident even in seed from bolls harvested 10 days after opening began. 
When the seed was dried and stored, higher total germinations usually 
were obtained from the seed which was harvested when the bolls 
were just beginning to open and before any field deterioration could 
take place than from bolls exposed for a longer period in the field. 
This was particularly evident in samples from bolls opening during 
periods of wet weather, as from September 20 to 29, ram being 
recorded on 6 days of this period.’ 

The behavior of fresh sea-island seed as regards dormancy was in 
striking contrast to that of the upland varieties. The comj^arison 
between the Tidewater and sea island given in the latter part of table 
1 shows that the fresh seed of the sea island required only a few days 
more to germinate than the dried seed and that the total germination 
percentages were only slightly lower for fresh seed than for seed which 
was dried and stored for 1 month. Of the seed from sea-island bolls 
harvested on the first day after opening began, 85 percent germinated 
in 7 days and 92 percent in 10 days. Of the Tidewater seed harvested 
at the same time only 5 percent germinated in 24 days, but in the 
sample that was dried and stored 80 percent germinated in 7 days. 

Since dormancy of fresh seed may be eliminated by dr 3 dng and 
storing for a short period, it is of interest to know whether drying 
alone will give equally good results. To obtain information on this 
point, 20 bolls of Tidewater cotton, one-fourth inch open at the tips, 
were picked on October 18 and divided into 3 samples. The seeds 
were removed from sample 1 and placed in the germinator imme¬ 
diately. Samples 2 and 3 were thoroughly dried, and on October 24 
the seeds of sample 2 were placed in the germinator. Sample 3, after 
being dried, was placed in storage and kept there until November 18, 
when it was placed in the germinator. The germination percentages 
for these 3 samples were 12 for the fresh undried seed, 75 for the dried 
unstored seed, and 84 for the dried seed stored for 30 days. The fresh 
undried seed continued to germinate for 21 days; 59 percent of the 
dried unstored seed germinated in 7 days and germination was com¬ 
plete in 12 days. Seventy-two percent of the seed of sample 3, which 
was dried and stored, germinated in 5 days and 84 percent in 7 days. 
These data indicate that, while a part of the dormancy may be re¬ 
moved by drying alone, further improvement in the germination of 
the seed is obtained by short storage after drying. 


SEED MATURITY 


Experiments had indicated that seed from bolls just beginning to 
open, if properly dried and stored, would give high germination 
percentages and that the failure of these seed to germinate immedi- 
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ately after harvesting was due to dormancy and not to immaturity of 
the seed. 

In order to determine at what age in the development of the boll the 
seed becomes germinable, an experiment was conducted in 1932 in 
which seed from bolls of known age was used. Samples of bolls of 
Tidewater cotton were collected 21 to 56 days after ^wering. The 
seed cotton was removed from these bolls at the time of harvesting 
and sun-dried to remove excess moisture. The samples were then 
stored for approximately 1 month before the germination tests were 
inade. Seed from bolls 21 to 42 days old failed to germinate. Sixty- 
eight percent of seed from bolls 46 days old germinated, and higher 
germination percentages were obtained as the percentage of open 
bolls increased. Bolls began opening about 48 days after flowering 
and all bolls were open 51 days after flowering. Germination per¬ 
centages at 52, 54, and 56 days after flowering were 86, 81, and 91, 
respectively. 

Further information on seed maturity was collected in 1933, the 
data in table 2 being obtained on four varieties of upland cotton at 
three periods during the season. Ten percent of the seed of the Foster 
variety from flowers tagged on June 15 germinated at 40 days from 
fertilization, while seed of other varieties failed to germinate at 40 
days. A few seed in all varieties germinated at 42 days from fertiliza¬ 
tion, and normal germination percentages of seed of all varieties were 
obtained 48 to 50 days after flowering. 

Table 2. —Germination of seed from bolls of four varieties of cotton harvested from 
40 to 50 days after floweringj James Island^ S. C., 1933 
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Bolls from flowers tagged on June 22 and July 7 were progressively 
earlier in.maturing seed. This would be expected, as the warmer 
weather of midsummer hastened the maturity of the bolls. Some 
irre^larities in individual germination percentages and in the final 
totm are due to sampling and to field deterioration of seed in the open 
bolls. 

SUMMARY 

Experiments conducted at James Island, near Charleston, S. C., 
indicate that freshly opened cotton bolls contain a consMerable per¬ 
centage of dormant seed. This dormancy may be eliminated by 
drying and storing the seed for a short period. There was no appre¬ 
ciable difference in dormancy of fresh seed among several upland 
varieties; the sea-island strain tested showed practically no dormancy. 

Studies of seed maturity indicated that cottonseed reaches maturity 
shortly before the bolls begin to open; at James Island, S. C., this 
period is from 40 to 50 days after flowering. 



VIABILITY OF COTTONSEED AS AFFECTED BY 
FIELD CONDITIONS* 

By p. M. Simpson, associate agronomist, and B. M. Stone, formerly assistant 

scientific aid, Division of Cotton and Other Fiber Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 2 

INTRODUCTION 

Differences in the viability of cottonseed produced in different 
seasons have been recognized, and agricultural agencies frequently 
find it necessary to issue precautionary warnings to farmers regard¬ 
ing the low viability of planting seed in certain sections of the Cotton 
Belt. Although the low viability of the planting seed is generally 
attributed to seasonal conditions, little information is available as to 
the causes of seed deterioration or the relation of seasonal conditions 
to seed viability. 

Experiments conducted at the United States Acclimatization Field 
Station, James Island, S. C., in 1931, 1932, and 1933 indicate definite 
relations between seed viability and the weather conditions prevailing 
while the seed cotton is exposed in the field. The climate at James 
Island is characterized by high humidity and frequent rains during 
the harvesting season. Such conditions are unfavorable for the pro¬ 
duction of seed of high germination, but they provide an opportunity 
for the study of the causes of deterioration which would not be afforded 
in a section where conditions for the production of good seed more 
uniformly prevail. 

MOISTURE CONTENT AND GERMINATION OF SEED DURING 
BOLL-OPENING PERIOD 

Weather conditions (table 1) prevailing in the coastal section of the 
Southeastern States during the cotton-picking season necessitate the 
harvesting of the cotton as rapidly as is practicable after boll opening 
begins. The cotton is picked at about 10-day intervals if weather 
conditions permit. While picking at such short intervals prevents 
undue exposure of cotton in the fields and protects the quality and 
grade of the fiber, many bolls containing a high percentage of moisture 
are usually included in the harvested cotton. 

Examination of seed cotton as brought in from the field showed 
that an appreciable amount of the excess moisture was due to the 
picking of partially opened bolls. Because of this it was desii*able to 
determine the amount of moisture present in the bolls during the 
opening process and the rate of drying and tlie viability of the seed 
of the partially opened bolls.^ 

Experiments were begun in 1931 to determine the moisture content 
of the seed cotton and seed and the germination of the seed during 

* R«t*eivcfl for publication Sent 25, 1934; issued May 1935. 

* The writers are indebted to K. 11. Toole, physiologist, Division of Seed Iiuestiirations, Bureau of Plant 
Industry, for suggestions in planning the.se exiieriments and for instruction in the technic of seed germi¬ 
nation. 

3 'Che extraction of moisture from the various samples of material for determinations of moisture iier- 
centages was accomplished by weighing the samples nefore drying in an electric oven for approximately 
24 hours at a constant temperature of 100® C. The samples were then placed in a desiccator to cool before 
making the final weighing. 
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the period of boll opening. Two hundred bolls of the Tidewater 
variety wore tagged just as they were beginning to open at the tip. 
The bolls were tagged on September 15, and, beginning on that date, 
two 10-boll samples were picked at random each week day to and 
including September 25. The samples in the first series were used to 
determine the moisture content of the seed cotton, while those in the 
other series were ginned and determinations were made of the mois¬ 
ture content and germination percentage of the seed. 

Table 1. —Maximum and minimum temperatures^ relative humidity^ and rainfallj 
from Aug. 1 to Oct. 19^ 193U 1932, and 1933, at the United States Acclimatization 
Field Station, James Island, S. C. 
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Table 1. —Maximum and minimum temperatures^ relative humidity^ and rainfall^ 
from, Aug. 1 to Oct. 19^ 1931 y 19S2y and 19S3y at the United States Acclimatization 
Field Station^ James Islandy S. C .—Continued 
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The moisture content of tlie seed cotton (sample 1, table 2) at 
the time tlie bolls were just be^innin" to open was 55.9 percent. 
The drying!: of the cotton was relatively slow during the first 4 days 
of the period, the moisture content remaining above 40 percent 
until September 18, when a few of the bolls were just beginning to 
become fluffy. On September 19 practically all bolls were fluffy. 

A comparison of the data for moisture content of seed cotton and 
of seed (sample 2, table 2) shows very little difference in the rate 
of drying during the first 5 days of the test, or until practically 
all of the bolls were fluffed out. Beginning September 19, the 
fluffed lint dried more rapidly than the seed. On September 25, 
the final date of the test, both seed cotton and seed haa practically 
the same moisture percentage, indicating that moisture in excess of 
that dependent uj>on atmospheric conditions had been removed. 

The seeds from the partially opened bolls, picked before Septem¬ 
ber 18, germinated very slowly, only a few having germinated after 
being in the germination chambers for 6 days. The seeds from 
bolls which were allowed to remain in the field longer germinated 
more promptly, gave higher total germination percentages, and 
sliowed fewer dormant.* This experiment was begun without knowl¬ 
edge of the fact that many seeds in freshly opened bolls are dormant, 
and germination tests of the seed samples were begun immediately 

* Simpson, I). M. dormancy and m.4turity of cottonseed. Jour Atfr. Research 50: 429-434,1935. 
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after picking. Hence the percentage of germination of the seeds 
from these samples was considerably lower than would have been 
the case if they had been stored during the period of dormancy. 

Table 2. —Moisture and germination percentages in Tidewater cotton during the 
period of boll opening^ in 1931 
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In 1932 the experiment was enlarged to obtain data (table 3) on 
several varieties, and the factor of seed dormancy was eliminated 
by drying and storing the seed for approximately 1 month before 
the germination tests were made. Three series of tests were con¬ 
ducted, beginning on September 7 and 20 and October 5 and 
covering periods of varying weather conditions. The test started on 
September 7 was made with the Tidewater, Cleveland, and Foster 
varieties. The test started on September 20 comprised these varieties 
and also Meade. The last test, started on October 5, was made 
with Tidewater and a strain of sea island. 

The method of collecting the data was as follows: At the begin¬ 
ning of each test, approximately 250 bolls of each variety were 
tagged, normal bolls about one-fourth inch open at the tip being 
selected. On the date of tagging, 20 tagged bolls of each variety, 
chosen at random, were clipped from the plants. The seed cotton 
was removed from the bolls immediately and divided into four 
samples, one lock from each boll being placed in each sample. Sample 
1 was ginned immediately, and the moisture content of the seed 
was determined; sample 2 was ginned immediately, and the seed 
was placed in the seed germinator to determine the percentage of 
germination of fresh seed; sample 3 was used to make an immediate 
determination of the moisture content of the seed cotton; sample 
4 was sun-dried and the seed cotton was stored for 1 month before 
germination tests of the seed were made. This procedure was 
repeated each day for 10 successive days on 20 tagged bolls of each 
variety chosen at random, thus giving data on bolls harvested in 
daily lots from 1 to 10 days after opening. 
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Table 3. —Moisture and germination percentages of seed in several varieties of 
cotton during the period of boll opening in 1932 

BOLLS TAGGED SEPT. 7 
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BOLLS TACHJED SEPT. 20 
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7 


52 2 

83 



-- 



. .J 

49 0 

96 

8 


48.2 

88 







41 2 

95 

9 


33 0 

92 



1 




29 4 

96 

10 


37 8 

89 1 



1 




20 2 

98 

11 


24 5 

90 







17 1 

97 

12 


15 8 

94 







13.9 

92 

13 


11.3 

97 







12. 3 

92 

14 

-- - ‘ 

13 7 

84 






- --- 

13.8 

97 


The three periods covered by the tests in 1932 afforded widely 
different weather conditions during the time that the bolls remained 
in the field. In the first test (started Sept. 7) no rain was recorded 
from September 7 to 12. The relative humidity for this 6-day 
period, as taken at 8 a. m., averaged 66 percent, and maximum 
temperatures of 81^ F. or more were recorded each day. The seed 
from bolls of all varieties dried rapidly, the moisture being reduced 
from approximately 50 percent on September 7 to about 13 percent 
on September 11. Rains recorded on September 13, 14, 15, and 16 
caused an immediate rise in the moisture content of the seed, but 
these rains, during the latter part of the test period, did practically 
no damage to the germinating qualities of the seed. 

The second series of bolls, tagged on September 20, dried much 
more slowly than the first series. On September 21, 0.01 inch of 
rain was recorded and 0.05 inch on September 23. The average 
relative humidity, taken at 8 a. m., for the period September 20-25 
was 85 percent, 19 points higlier than the average for the first 6 days 
of the first test period. Because of these conditions, samples collected 
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on the sixth day after opening had from 20.9 to 34.8 percent moisture, 
whereas samples in the preceding test had had from 10.6 to 13.3 
percent moisture after 6 days’ exposure in the field. Rains on 
September 26, 27, 28, and 29 prevented the seed from furtJier drying 
in the field. Germination percentages were high from samples of 
all varieties harvested before September 26, but lower germination 
percentages were obtained from nearly all samples of Tidewater, 
Cleveland, and Meade harvested after the rains. Seed of tlio Meade 
variety dried more slowly than that of the other varieties and showed 
the greatest amount of deterioration from exposure in the field. 
Seed of the Foster variety dried more promptly than that of the 
other varieties and showed practically no loss of germination as a 
result of the unfavorable conditions. 

The third test, begun on October 6, included only the Tidewater 
variety and sea-island strain. On October 6, 0.36 inch of rain was 
recorded, and cool weather prevailed during October 6, 7, and (S, 
the maximum temperatures being 69°, 67°, and 74.5° F., respc'ctively, 
so that drying proceeded very slowly. With higher temperatures 
the rate of drying increased, and by October 13 the moisture of the 
seed of both varieties was reduced to approximately 12 })ercent. 
Seed of the sea island dried considerably faster than that of Tide¬ 
water, the difference possibly being due to the smaller si/e of the 
sea-island bolls. Germination percentages for both varieties re¬ 
mained fairly constant throughout the ])eriod of the test, the sea- 
island seed averaging slightly higher than the Tidewater. 

In 1933 further tests on the percentage of moisture' and germina¬ 
tion of seed during boll opening were made on Tidewater, Coker 
Wilds, Foster, and Cleveland, and on several strains of sea island. 
Three series of tests were made, beginning August 1, August 10, 
and August 28, respectively. Samples were obtained similar to those 
in 1932 except that the seed cotton from each variety was divided 
into 2 samples each day instead of 4 as in 1932. These 2 samples 
were used to make determinations of moisture in the seed cotton 
when harvested and of germination percentages of the seed after it 
had been dried and stored for 1 month. 

The data (table 4) obtained in 1933 are in accord with those 
obtained in 1932. In both series, seed in all varieties contained 
slightly more than 50 percent moisture at the beginning of the 
opening period, and the rate of reduction in moisture percentages 
was influenced by rainfall, humidity, and temperature. In the first 
test, drying of the cotton was slightly delayed by rains on August 4 
and 5 but progressed rapidly afterward. The viability of the seed 
was only slightly affected by these rains. This test was continued 
for only 8 days, as the bolls were all well opened and dry on August 8. 
The second series of bolls, tagged on August 10, dried "rapidly during 
the first 3 days of the test, reabsorbed moisture during the rain of 
August 13, and dried rapidly to approximately 11 percent by August 
15. Rains on August 16, 17, 18, and 19 caused reabsorption of 
moisture to above 30 percent. Excellent germination was obtained 
from all varieties of seed harvested before August 19. For all 
varieties, except Foster, lower germination percentages were obtained 
from seed from bolls harvested on August 19. 
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Table 4. —Moisture in seed cotton and germination of seed in several varieties of 
cotton during the period of boll opening in 1933 

BOLLS TAGGED AUG. 1 


Balls har¬ 
vested 

Kainfall 

Tidewater 

Coker Wilds 

Foster 

j 

Cleveland 

Moisture 

Gerini- 

ualion 

Moisture 

Germi¬ 

nation 

Mol.sture 

Germi¬ 

nation 

Moisture 

(Jermi- 

nation 


Inches 

Percent 

Percent 

Perce tit 

Percent 

Percent 

Percent 

Percent 

Percent 

Aug 1 


53 7 

92 

62 4 

91 

51.4 

93 

53 9 

86 

2 

- _ _ 

47 i 

89 

37 4 

86 

39.3 

96 

42.2 

87 

3 


32 2 

92 

24 7 

92 

21.4 

89 

24 8 

87 

4 

0 50 

26 6 

82 

18.3 

91 

16 8 

89 

14 9 

79 

/» 

41 

22 0 

79 

18.8 

85 

15 9 

92 

16 6 

89 

fi 


15 6 

90 

1 14.2 

93 

11.3 

96 

13.6 

88 

7 


11 3 

91 

9 4 

89 

9 2 

91 

8 6 

74 

S 

' - 

11.4 

85 

9.5 

i 

92 

9.4 

95 

9 3 

78 


BOLI.S TAGGED AUG 10 


Aug 10 


53 

2 

1 

89 

52 

5 

94 

51 0 

93 

51 

9 

81 

11 

0 01 

46. 

3 

99 

40 

7 

90 

46. 3 

88 

46 

3 

95 

12 


33 

8 

90 

2:1 

2 

95 

26 9 

95 

25 

1 

90 

13 

1 74 

38 

7 

8fi 

34 

2 

97 

32.3 

95 

48. 

7 

86 

1 M 

01 

14 

8 

91 

13 

2 

92 

16 8 

96 

12 

6 

80 

15 


11 

5 

92 

10. 

7 

100 

12 4 

95 

9 

9 

95 

16 

28 

15 

4 

97 

17. 

6 

89 

18 5 

92 

19 

0 

88 

17 

It 

31 

7 

93 

31 

2 

95 

31 2 

93 

39 

1 

86 

18 

35 

26 

4 

84 

27. 

2 

98 

30.9 

93 

30. 

5 

90 

19 

38 

31 

3 

67 

45 

4 

83 

37 2 

92 

41 

4 

78 


I All moisfure detenninations after \ug 13 viere made ou seed instead of on seed cotton 


The third series in tliis test was begun on August 28, data being 
oiitained on Tidewater and on the Seabrook, Westberry, and Andrews 
strains of sea island. The weather during the period covered by 
this test was unfavorable for harvesting cotton. Rain was recorded 
on August 28, 30, and 31, and on September 1, 2, and 6. The data 
on moisture and germination percentages in this series (table 5) are 
of particular interest in comparing the rate of drying of the seed of 
the upland type, represented by Tidewater, with the seed of the 
sea-island strains. \Mule the frequent, rains and high humidity pre¬ 
vented rapid drying in any of the varieties, from tbe second to the 
sixth day of the period, the Tidewater seed contained from 15 to 20 
percent more moisture than the seed of the sea-island strains har¬ 
vested on the same dates. 

The adverse weather conditions seriously affected the germination 
of the Tidewater seed harvested after the first day of the test period. 
Of the seed from bolls harvested on August 28, 91 percent germinated, 
but thereafter germination percentages w'ere in general progressively 
lower as the length of exposure in the field increased. Only 13 per¬ 
cent of the seed from bolls harvested on September 6 germinated. 
Seed from the sea-island strains gave good germination percentages 
in practically all cases until after the heavy rains of September 6. 
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Table 5. —Moisture and gerniination percentages of seed in the Tidewater variety 
as compared with that in several strains of sea-island cotton during the period of 
boll opening in 1933 

[Bolls tagged Aug. 28, 1933] 


Bolls 

har¬ 

vested 

Rainfall 

'I’ldevs ater 

1 


Sea islaud strains 



Sea brook 

W^’est berry 

Andrews 

Moisture 

Germi- 
nat ion 

Moisture 

(lertni- 

nation 

M oisturo 

Germi¬ 

nation 

Moisture 

Germi¬ 

nation 


Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Auk 28 

0 01 

54 0 

91 

49 2 

90 

43 6 

93 

48.1 

90 

29 


53 fi 

81 

30 4 1 

95 1 

32 3 

93 

37. 1 

95 

30 

i:' 

47 S 

72 

29 9 

94 

28 1 

94 

30 J 

89 

31 

50 

45 0 

00 

28 1 

91 

27 8 

89 

28 9 

90 

Sept. 1 

1 15 

45 9 

57 

32 2 

90 

30. 5 

84 

37 0 

92 

2 

01 

40. 5 

28 

21 4 

90 

21 4 

89 

19 5 

93 

3 


20 2 

20 

14 9 

91 

14 5 

81 

13 0 

82 

4 


14 0 

20 

12 5 

04 

12 0 

82 

11 7 

91 

r> 


14 9 

29 

13 8 j 

89 

13 0 

92 

13 2 

93 

0 

’io*40’ 

5o 5 

13 

41 0 1 

1 

09 , 

52. 4 

50 

43. 0 

79 


The foregoing tests show tliat the reduction of moisture in the seed 
cotton and seed during the period of boll opening proceeds rapidly in 
periods of dry weather and high temperature. Under favorable con¬ 
ditions at James Island, cotton may be dry enough to pick 5 days 
after the bolls begin to open. In periods of rainy weather, the drying 
process is delayed and the moisture content of both seed cotton and 
seed may be considerably increased by the reabsorption of moisture. 
Rains wdiich delay the drying-out process usually cause deterioration 
of the seed. Among the varieties tested, sea island and Foster dried 
more rapidly than the others and were more resistant to seed deterio¬ 
ration when exposed to unfavorable w eather in the field. 

Seeds from bolls wdiich w'ere just beginning to open were found to 
be viable and, if properly dried and stored for a short time, gave 
higher germination percentages than seeds which were exposed in 
the field for a greater length of time. From this fact it may be 
assumed that the picking of partially opened bolls does not lower the 
viability of the bulk seed of wliich they constitute a part, provided 
they are dried promptly after picking. 

Owing to the high moisture content of freshly picked seed cotton 
in the coastal section of the Southeastern wStates, caused by climatic 
conditions, special precautions are necessary to prevent injury to the 
cotton. Farms usually are provided wdth drying platforms on wdiich 
the cotton is spread and exposed to the sun for a few hours to remove 
the excess moisture. Drying for 1 day in bright sunsliine usually is 
enough to reduce the moisture content sufficiently to permit safe 
storage or ginning. Experience has shown that seed cotton having 
about 10 percent moisture may be ginned safely or may be stored in 
bulk with little danger of heating. When more cotton is harvested 
than can be exposed in the available space, or when periods of cloudy 
weather occur, several days may elapse before it is possible to dry 
the cotton. Under such conditions, the damp cotton usually is 
stored in small piles or is spread as thinly as possible on the available 
floor space. Data obtained in 1932 on damp cotton stored for 6 days 
indicated that no deterioration in germination of the seed occurred 
during this short period of storage. 
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DETERIORATION OF SEED IN THE FIELD 

It has been shown that rain occurring during the period of boll 
opening delays the opening process and reduces the percentage of 
viable seed. Further evidence of the effect of weather conditions 
on the viability of seed exposed in the field is shown by experiments 
conducted in 1931, 1932, and 1933. These experiments were planned 
to determine the moisture and germination percentages of seed from 
bolls exposed in the field for 7 and 14 days, respectively, after boll 
opening began. 

On August 12, 1931, 200 bolls of the Tidewater variety which were 
just beginning to open were tagged. Rain recorded on August 12, 
13,14, and 15 totaled 2.75 inches. OnAugust 19, 100 tagged bolls were 
picked for tests of moisture and germination. These bolls had been 
delayed in opening by the wet weather, and nearly all locks were still 
compact when the cotton was picked. The moisture content of the 
seed from this samph' was 24.5 percent and the germination only 33 
percent. The rejnaining half of these bolls were picked on August 26. 
As no rain had fallen between August 15 and 26, and as the period 
August 17-2() was one of comparatively low atmospheric humidity, 
these bolls werc^ dry and fluffy. The seed contained 10.0 percent 
moisture and showed no further deterioration, the germination 
percentage being 33. 

A wsecond series of bolls was tagged on August 19 and picked on 
August 2(). Dry w'cather and low’ humidity prevailed during this 
period, and th<» bolls w’ere w’ell opened and the locks fluffy on August 
26. The s(H*d from thes<^ bolls, in contrast to those opening during the 
pre(*e(Uug week, contained 9.6 percent moisture and gave a germina¬ 
tion of (S7 percent. 

A grouj) of bolls was tagged on August 26, and half of them were 
j)icked oil Septiuuber 2 and the remainder on September 10. Heavy 
rains wen' recorded on August 28 and 31 and on September 3 and 4, 
and a. show er on September 5. The seed from the bolls w’hich opened 
during the week of August 2() to September 2 contained 22.8 percent 
moisture and had a germination i)ercentage of 48. The seed from the 
bolls which remained in the field for the second week and were exposed 
to further rains contained 12.7 percent moisture and had a germination 
percentage of 30. The rains of September 3,4, and 5 had delayed the 
drying-out of the seed and further lowered their viability. 

A group of bolls tagged on September 11 was picked on September 
18 and 25. These bolls were exposed to 0.67 inch of rain on Septem¬ 
ber 14, this being the only rain during the period of the test. The 
seed from the first series of bolls, picked on September 18, contained 
12.3 ])erccnt moisture and 73 percent of them germinated. The seed 
from the second series, picked on September 25, contained 13.4 percent 
moisture and 58 ]>ercent of them germinated, indicating that the rain 
on Sopteml)er 14 caused further deterioration of the seed in the bolls 
left in the field. The last group of bolls w’as tagged on September 18 
and picked on September 25 and October 2. The series picked on 
September 25, after being open 1 week in the field, had a germination 
percentage of 84 and contained 13.4 percent moisture. The series 
picked on October 2 had a germination percentage of 81 and contained 
9.2 percent moisture. No rain fell during this 2-week period. 
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The germination percentages were obtained from tests made imme¬ 
diately after the samples were picked. Other experiments have shown 
that there is some degree of dormancy in freshly picked cottonseed.® 
However, since these samples were obtained from bolls open in the 
field from 7 to 14 days, the number of dormant seed would be smaller 
than from partially opened bolls. 

The data obtained in 1931 indicated that bolls opening and picked 
during a rain-free period would yield seed of high germination, and 
there was also some evidence that the seed was more likely to be dam¬ 
aged if rain fell shortly after the bolls began to open than if it fell after 
the locks had fluffed out. It has been observed that partially opened 
bolls are very susceptible to attack by fungus and bacterial infections 
and that in periods of rainy weather many partially opened bolls 
become so severely infected that they fail to open further during subse¬ 
quent fair weather. 

Further studies of cottonseed deterioration in the field were con¬ 
ducted in 1932. Data similar to those obtained on Tidewater cotton 
in 1931 were collected on Tidewater, Cleveland, Foster, and Meade 
(table 6). In order to eliminate dormancy as a factor, all seed samples 
were thoroughly dried and stored for approximately 1 month before 
the germination tests were made. 

Table 6. —Moisture and germination 'percentages of seed from cotton exposed to 
varying weather conditions in the field in 19S2 


BOLLS PICKED 1 WEEK AFTER TAOOINO 




Tidewater 

1 Cleveland 

1 Foster 

1 

1 Meade 











Bolls 

Bolls 




1 

1 Mois- 



1 

tagged 

picked 


Qermina- 

Mois- 

Gornii- 


Qermi- 

Mois- 

(iernii- 




tiou 

ture 

nation 

ture 

nation 

ture 

nation 



Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Aug 16 

Aug 23 

33 8 


_ 



_ _ 


. ._ . 

23 

30 

23 0 

57 




. . . _ 

. 

_ . _ 

30 

Sept 6 

11 8 

84 






. - 

Sept. « 

16 

39.4 

90 

38 3 

ilO 

' mo 

95 

_ 


15 

22 

11 0 

73 

11 3 

84 

10.5 

89 



22 

29 

27 0 

42 

15 6 

54 

13.7 

81 

23 7 

55 

29 

Oct. 6 

24 1 

75 

17 5 

83 

13 1 

89 

31 3 

51 

Oct. 6 

13 

10. 2 

[_ 

86 



. 

. 


i_ 1 _ 


BOLLS PK^KEl) 2 WEEKS AFTER TACKUNO 


Aug. 16 

Aug 30 
Sept 6 

IS 4 

[ 53 

! 51 

— 

— 

. -- - 




23 

12 0 



31 

14 

26 7 

! 66 







Sept. 8 

22 

10 4 

89 

10 3 

90 

io 6 

98 



15 

29 

12 5 

47 

14.5 

52 

i 12.4 

77 



22 

Oct. 6 

19.1 

33 

10 9 

60 

17 2 

77 

“ " 2*1 8 

67 

29 

13 

9 9 

87 

9.7 

80 

9.8 

91 

10. 1 

76 


As shown in table 1, the only rain-free periods of more than 4 days 
during these tests were August 26~Sept/ember 12, inclusive, and 
October 7-15. The data in table 6 show that good seeds were 
obtained during these rain-free periods, and that germination percent¬ 
ages were considerably lower during periods of rainy weather. The 
Tidewater, Cleveland, and Meade varieties appeared equally suscep¬ 
tible to injury from wet weather, but the Foster variety gave a con¬ 
siderably higher average germination throughout the period of the 
test. 

'SiicPSON, D. M. See footnote 4. 
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In the season of 1933, experiments on the deterioration of seed in 
the field were continued and the work was enlarj^ed to provide more 
complete data through the picking season. Detenninations of mois¬ 
ture and germination percentages were made on seed from the 
Tidewater, Coker Wilds, Foster, and Cleveland varieties. These 
determinations were made on seeds from open bolls exposed in the 
field for 7 and 14 days. The first group of bolls was tagged on August 
1, and a new group in each variety was tagged each dav thereafter, 
except Sundays, to and including August 25. Thus the daily fluctua¬ 
tions in moisture and germination of seed from bolls of known age were 
ascertained for the four varieties being tested (table 7). All moisture 
determinations were made on seed ginned and weighed immediately 
after removal from the bolls, and all germination percentages were 
made on seed which had been thoroughly dried and stored for approxi¬ 
mately 1 month. 

Tahle 7. -Mointare and germination percentages of seed from cotton exposed to 
varying weather cotiditions in the field in 19S3 

BOLLS PK^KKI) 1 WEEK AFTER TAQOLVO 


Bollh 

tagged 

Bolls 

j)U*ked 

Tidewater 

Cle\ eland 

Foster 

f'oker Wilds 

Moisture 

Oennina- 

t lOll 

Moisture 

Gerinina* 

tiun 

Moisture 

Gorniina- 

tion 

M oisture 

Germina¬ 

tion 



Perct nt 

Perce nt 

Pf rcent 

Percent 

Percent 

Percent 

Percent 

Percent 

A UK 1 

A UK S 

11 6 

96 

8 0 

89 

10 0 

91 

9.7 

97 

2 

9 

11 8 

93 

9 9 

90 

11 3 

96 

10 7 

94 

3 

10 

10 0 

80 

9 7 

91 

9 7 

9.6 

8 8 

89 

4 

11 

11 4 

95 

8 7 

94 

10 6 

91 

9 8 

84 

5 

12 

9 0 

93 

8 3 

8.1 

9 9 

97 

8 8 

91 

7 

14 

12 2 

93 

10 2 

93 

10 9 

95 

11.4 

95 

H 

1.1 

10 3 

91 

9 8 

90 

10 3 

94 

10.6 

96 

9 

If) 

20 7 

8(» 

18 7 

87 

18 2 

86 

16 2 

92 

11) 

17 

33 1 

90 

46 0 

90 

39 9 

94 

35 0 

92 

11 

18 

2.') 2 

92 

31 2 

84 

31 0 

92 

29 4 

92 

12 

19 

33 .1 

.68 

43 0 

67 

43.2 

87 

38. 2 

73 

14 

21 

42 9 

13 

43 0 

68 

40 .6 

81 

44 1 

85 

ir. 

22 

43 3 

42 

35 0 

43 

36 4 

91 

38 8 

70 

i)i 

23 

30 8 

40 

19 0 

07 

26 4 

74 

23. 1 

60 

17 

24 

14 2 

77 

11 8 

09 

13 0 

78 

13 0 

.63 

IS 

2.') 

12 7 

72 

12 2 

52 

12 4 

K1 

13 1 

74 

19 

2K 

14 1 

73 

13 4 

00 

13 3 

90 

13.6 

73 

21 

28 

10 8 

00 

9 9 

70 

10 5 

89 

10 6 

74 

22 

29 

n 8 

70 

10 2 

09 

ll 6 

76 

10 9 

.68 

23 

.30 

20 0 

10 

28 8 

73 

31 .6 

92 

32.3 

80 

24 

31 1 

27 1 

fW 

29 9 

81 

26 4 

99 

24 0 

87 

2.') 

j Sept 1 

38 9 

.61 

44 0 

83 

36. .6 

82 

40 7 

73 



BOLi 

LS PICKED 2 WEEKS AFTER TAGOING 



Aug 1 

Auk 17) 1 

1 10 0 

87 

9 0 

80 

9 1 

92 

9.1 

96 

2 

10 

16 9 

82 

15.0 

87 

17 5 

97 

17 8 

93 

3 

17 1 

1 34.4 

89 

34 0 

7.6 

33.0 

93 

32 2 

84 

4 

18 

22 9 

76 

21 8 

78 

24.1 

96 

22 3 

89 

5 

19 

43 4 

07 

42 8 

73 

40 2 

88 

35 4 

75 

7 

21 

41 2 

77 

30 5 

80 

40 3 

84 

39.7 

61 

8 

22 

30 2 

61 

28 3 

76 

28.2 

77 

27.3 

75 

9 

23 

13.4 

50 

10 6 

79 

12.3 

70 

11 6 

62 

10 

24 

11.3 

67 

10 6 

85 

11 0 

69 

11.6 

70 

11 

26 

12 8 

00 

13.4 

03 

10.6 

53 

13.2 

61 

12 

26 

12 0 

31 

11.3 

57 

11 4 

59 

11.5 

48 

U 

28 

10 4 

34 

9 7 

45 

9 9 

76 

10.8 

44 

1.1 

20 

11 7 

45 

10 7 

43 

11.4 

67 

11.1 

42 

If) 

30 

26 1 

10 

29 2 

33 

29.6 

64 

31.9 

37 

17 

31 

22 0 

48 

26 0 

49 

24 9 

73 

26 4 

47 

18 

Sept. 1 

33.3 

31 

35.7 

28 

38 7 

62 

33.5 

39 

19 

2 

18.7 

38 

15.8 

27 

17.6 

66 

19.8 

32 

2L 

4 

1 12 3 

37 

11 2 

54 

12.1 

63 

11.8 

49 

22 

6 

13.6 

32 

13 7 

40 

13.5 

75 

14.1 

53 

23 

6 

54. 5 

37 

69.2 


67.1 

72 

63 9 


24 

7 

31 8 

17 

37.3 

30 

27.6 

70 

42.8 


25 

8 

15.6 

11 

10 2 

16 

10.1 

80 

14.7 

64 
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The weather records (table 1) for the period of this experiment 
show that rain fell on 20 days of the 39-day period Aiigust 1-Sep- 
tember 8. All bolls harvested had been rained upon in the field. 
Although several rains were recorded, the weather during the period 
August 1-12 was favorable for harvesting cotton, as the rains were 
not excessive and the relative himiidity during the day was compara¬ 
tively low. Seeds of all varieties from bolls tagged before August 12 
and harvested before August 19 gave high germination. Although 
the seed from bolls harvested on Augjust 16 and 17 contained excessive 
moisture when harvested, the germmation was not seriously affected. 
Rain was recorded on 15 days of the 23-day period August 16-Sep- 
tember 7. Bolls opening during this period of rainy weather did not 
dry out promptly and the seed contained excessive moisture during 
practically the entire time that they were exposed in the field. Ger¬ 
mination percentages were low in the Tidewater, Coker Wilds, and 
Cleveland varieties when exposed for 7 days, and in all varieties 
when exposed for 14 days. The Foster variety, as in 1932, showed 
less susceptibility to adverse conditions than the other varieties of the 
test, and when exposed for only 7 days produced good seed. Bolls of 
the Foster variety tagged on August 23, 24, and 25 remained in the 
field during one of the heaviest rainfalls on record in this section and 
still gave germination percentages of 72, 70, and 80, respectively. 
The seed from bolls of this variety, open for 14 days and harvested 
on September 6, contained 67.1 percent moisture when harvested, 
and yet when they were dried and stored for approximately 1 month, 
72 percent germinated. This greater resistance to adverse weather 
conditions shown by seed of the Foster variety indicated the possi¬ 
bility of increasing the resistance to field deterioration in other varie¬ 
ties by selection. 

The number of varieties upon which comparative data have been 
obtained is so limited that no general conclusions can be drawn as 
to the plant or seed characters which offer most resistance to field 
deterioration. However, it is probable that density of plant foliage, 
size of bolls, and other factors which influence the rate of drying of 
the seed are the more important. Among the varieties tested, all 
strains of sea island cotton have shown high percentages of seed 
germination even under adverse weather conditions. The absence of 
fuzz on the sea-island seed has been suggested as a possible reason for 
the greater resistance to field deterioration, and it may be that some 
advantage from more rapid drying results from this slick-seed char¬ 
acter. However, Meade seed, which is also fairly free from fuzz, 
shows no advantage over that of such varieties as Tidewater, Coker 
Wilds, and Cleveland, which bear fuzzy seed. 

SUMMARY 

Seasonal fluctuations in the germination of cottonseed have been 
attributed to climatic conditions during the harvesting season, but 
the definite relationship of rainfall, humidity, and temperature to the 
viability of the seeds has received little attention. Experiments con¬ 
ducted at James Island, S. C., in 1931, 1932, and 1933, under condi¬ 
tions of frequent rainfall and high humidity, provide information on 
these conditions. 
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Cotton harvested at James Island normally contains excessive 
moisture. Determinations of the moisture content of seed during the 
period of boll opening showed that seed from bolls just cracking open 
contained approximately 50 percent moisture and that seed from 
partially opened bolls, which are ordinarily harvested by the pickers, 
may contain more than 28 percent moisture. Dry weather caused 
rapid reduction in the moisture content of the seed and seed cotton, 
but rainy, humid, or cool weather prevented drying and delayed boll 
opening. 

The low viability of seed harvested in unfavorable weather indicates 
that seed deterioration occurs in the field before harvesting. Seed 
from bolls just opening, w’hen dried and stored for a short time, gave 
higher germination percentages than seed which had been exposed for 
a longer period in the field. 

Data on the viability of seed taken from bolls exposed for varying 
lengths of time in the field showed that deterioration of the seed was 
correlated with rains or humid conditions which prevented the prompt 
drying of the seed cotton after the bolls began to open. Seed from 
bolls opening and harvested during periods of dry weather gave higher 
germination percentages than did seed from bolls opening and harvested 
during rainy weather. Differences in resistance to field deterioration 
were apparent among the varieties tested, and the possibility of im¬ 
provement in the germinating qualities of cottonseed by selective 
breeding is suggested. 



RELATION OF MOISTURE CONTENT AND METHOD OF 
STORAGE TO DETERIORATION OF STORED COTTON¬ 
SEED' 

By D. M. Simpson 2 

Asmciaie agronomist, Division of Cotton and Other Fiber Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Experiments conducted at the United States Acclimatization Field 
Station, James Island, S. C., have shown that rapid loss of viability 
occurs in cottonseed stored under the humid conditions of the South 
Carolina coastal district. Under ordinary storage conditions at James 
Island seed may be safely kept for 2 years, but rapid loss in viabUity 
occurs during further storage. In the arid sections of the West, 
cottonseed has been kept for more than 20 years without complete 
loss of viability, and seed stored at Washington, D. C., has given 
fair germination percentages after 10 years. 

DETERIORATION OF SEED IN ORDINARY STORAGE 

The short life of cottonseed in ordinary storage at James Island 
is shown by the data (table 1) from a series of experiments begun in 
1930 to determine the effect of different methods of storage on the 
rapidity of deterioration. 

The storage house used for these experiments is a one-story frame 
building constructed on piers 8 feet above the ground to allow free 
circulation of air. The building is divided into three rooms, each 
approximately H) by 15 feet, sealed overhead with matched ceiling. 
F^ach room has 2 windows, 1 on the north and 1 on the south side. 
These window's are equipped with glass sash and tight w'^ooden shut¬ 
ters. Ventilators that may bo opened or closed are provided under 
each window at the floor level and in the center of the ceiling of each 
room. 

Different conditions of storage were provided in each room by con¬ 
trolling ventilation and sunlight; other conditions w^ere as uniform as 
possible. The control of ventilation in the various rooms w'as as 
follows: 

Room 1. —All shutters and ventilators open on dry days when humidity was 
below 80° and closed on wot days and at night. 

Room 2. —All shutters and ventilators closed at all times. 

Room 3. —Ceiling ventilator and window shutters open at all times. Floor 
ventilators open on dry days when humidity was belo^v 80°, and closed on wet 
days and at night. 

> Received for publication Sept 25, 1934; is.sued May 1935. 

* The writer wishes to acknowledRe the assistance of E. H. Toole, physiologist, Division of Seed Investi¬ 
gations. Bureau of Plant Industry, in planning these exi>eriments. 
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Table 1. —Moisture and germination percentages of sea-island cottonseed stored at 
James Island^ S. (7., November 19S() to September 1933 

STORAGE ROOM 1 



Bap.s .stacked on floor 

Baps Stacked on lattieo 


Bottom bail 

Middle bap 

Top bap 

Bottom bap 

Middle bap 

Top imp 

Dale 














M ois- 
ture 

Gcr- 
nu na¬ 
tion 

M ois- 
ture 

Gei- 

innia- 

tion 

Mois¬ 

ture 

Ger¬ 

mina¬ 

tion 

Mois¬ 

ture 

Ger- 
Tuina¬ 
tion 

Afois- 

ture 

Ger¬ 

mina¬ 

tion 

_ 

Moi.s- 

ture 

Ger- 

miiin- 

tion 


/Vr- 


/Vr- 

7Vr- 

/Vr- 

/Vr- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


tint 

c( nt 

Cl nt 

cent 

Cl nt 

cent 

cent 

cent 

cent 

cent 

cent 

tent 

Nov 24, mo .. . - 

11 71 

9.“ 

11 42 

9(J 

11 31 

89 

11 17 

89 

11 04 

89 

11 09 

91 

Mar IG, im _ _ 

11 00 

91 

11 20 

9« 

11 30 

97 

11 10 

90 

10 90 

90 

11 00 

88 

July 13, 1931.. . 

11 27 

S3 

10 7S 

<12 

10 12 

90 

10 84 

89 

10. 01 

90 

10 34 

90 

Nov 24, 1931_ 

11 30 

()0 

10 i>r, 

91 

10 01 

91 

10 fis 

83 

10. 17 

88 

10 40 

83 

Mar. 20, 1932... 

11 72 

57 

11 3S 

N2 

11 K1 

87 

11 10 

79 

11 11 

82 

11 23 

77 

July 0,1932 .. . 

11 1.') 

17 

10 7(. 

50 

10 92 

39 

10. 92 

70 

10 70 

09 

11 03 

51 

Nov 22. 1932 - 

12 f)5 

1 

11 02 

IK 

11 03 

13 

11 19 

44 

10 08 

47 

11 18 

41 

Mur 14, 1933. 

13 (19 

9 

11 0.') 

43 

11 IM) 

10 

11 19 

47 

10 70 

51 

11 ()9 

31 

June 27, 1933.. _ 

12 09 

1 

10 91 

3 

11 01 

0 

10 75 

8 

10 80 

*1! 

10 95 

1 

Sept. 5, 1933_ 

12 2S 

0 

11 32 

0 

11.73 

0 

11 n 

0 

11 13 

i 

11 '11 

1 


STOKA(JK 1U)()M 2 


Nov 24, 19.30- 

12 47 

88 

13 23 

92 

11 95 

96 

10 (>6 

.V, 

10 86 

86 

M 54 

Mar. 16, 1931.... 

12 05 

95 

11. to 

94 

11,80 

93 

10 80 

92 

10 71) 

»i 

11 30 

July 13, 1931-.-. 

II 

88 

10 79 

<15 

10 79 

90 

10 (i9 

92 

10 (.4 

93 

10 54 

Nov. 24, 1931 . 

11 73 

42 

10 SO 

84 

10 74 

79 

10 71 

82 

10 75 

93 

10 73 

Mar. 20, 1932. . . 

12 22 

45 

11 84 

79 

11 86 

64 

11 62 

74 

11 28 


11 72 

July 0, J932. 

11 95 

9 

II 10 

12 

11 32 

28 

11.27 

(>7 

10 99 

(.9 

11 21. 

Nov 22, 1932. 

12 57 

0 

11 33 

12 

11 78 

0 

11 ,51 

25 

10 79 

39 

11.43 

Mar 14, 1933 _ 

12 13 

0 

11 6.5 

18 

12 37 

1 

1) 21 

31 

10 84 

46 

11 90 

June 27,1933. 

11 90 

0 

11 15 

0 

11 .15 

0 

11 01 

1 

11 22 

10 

11 45 

Sept 5, 1933.... 

12 22 

0 

11 46 

(' 

n .58 

0 

11 42 

1 

11. 16 

3 

11 36 




STOR\GR ROOM 3 





Nov 24, 1930-. 

11 81 


11 41 

93 

11 70 

91 

10,86 

92 

11 07 

95 

11 26 

Mar 10. 193L- 

11 30 

9.1 1 

11 15 

t»8 

11 35 

96 

11 05 

87 

11 00 

90 

11 30 

JuJy 13, 1931... 

11 01 

87 

10 20 

81 

10 I(> 

96 

10 89 

91 

10 51 

88 

10 52 

Nov 24, 1931_ 

10 99 

81 

10 31 

85 

10 18 

87 

MS ()7 1 

80 

10 16 

M. 

10 49 

Mar 20, 1932.. . 

11 1/ 

81 

10 91 

8.1 

11 27 

.81 

11 .ir! 

79 

II 20 

77 

11 68 

July 0, 1932__ 

10 82 

()0 

10 ,50 

71 

10 67 

(>3 

10 93 i 

5(> 

11) 68 

(•1 

10 90 

Nov 22,1932 ... 

10 89 

3S 

10 77 

4<1 

11 19 

10 

! 1 2* I 

32 I 

10 ,58 

2(> 

11 21 

Mar 14, 1933 _ 

10 9^ 

50 

11 07 

.54 

11 6t> 

241 

10 9! 

44 , 

10 64 

50 ; 

11 (.2 

June 27, 1931_ 

10 75 

i 

10 .13 

7 

10 12 

2 

10 .81 1 


10 Hi 


10 87 

Sept. 5, 1933 _ 

11 22 

7 

10 85 

7 

10 (.3 

2 

11 20 1 

! 

7 j 

10 79 

‘-1 

1 

10 79 


S7 

\)2 

SH 

No 

7'l 

50 

20 

20 

0 

0 


SO 

t»> 

N2 


()0 

20 

2S 

0 

0 


Sea island cottonseed, ^rown at Wadmalaw Island, S. C., in 1929, 
was used for these tests. The seed was stored in bins from December 
1929 until the fall of 1930, when the storaj^e tests were begun. The 
seed was then placed in bags containing approximately 100 ])ounds 
each, and the bags were piled in stacks, 2 bags to the tier, each stack 
containing 12 bags. Two stacks were placed in each room, along the 
north wall. One stack was started on the floor and the other was 
raised from the floor about 8 inches by a lattice framework. Initial 
moisture and germination tests were made on this seed on November 
24, 1930, samples being drawn from three bags in each stack, repre¬ 
senting the bottom, middle, and top. Subsequent determinations were 
made on seed from the same bags. 

The average germination of the seed from the 18 bags, when placed 
in storage on November 24, 1930, was 91.4 percent, and the average 
moisture content was 11.48 percent. During the period from Novern- 
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ber 24 to July 13,1931, there was little change in genmnation percent¬ 
age in the seed from any of the bags on which testd'^^wiere made, the 
average germination percentage for all the bags on July 13 being 
only 2.1 percent less than the initial germination. 

The first decided drop in germination came during the period 
July 13-November 24,1931. The tests made on November 24 showed 
decreased germination in practically all cases, but tlie most pronounced 
decreases were in seed from the bottom bags of the stacks piled on the 
floor in rooms 1 and 2. The seed from the stacks placed on the lattice 
showed only a slight decrease in germination at this date. After 
November 24, 1931, the percentage of germination of the seed in all 
storage rooms declined at an increasingly rapid rate. On March 20, 
1932, when the seed was 2% years old, the average germination of all 
seed in storage was 75 percent. On March 14, 1933, the average 
germination of all seed in storage had dropped to 31.7 percent. 

The liigh degree of fluctuation after July 1932 in germination per¬ 
centages of seed from the individual bags indicates that even the viable 
seeds were considerablv weakened and required optimum conditions 
for germination. Seed stored in room 3, which received the greatest 
amo\mt of sunlight and ventilation, in general gave slightly liigher 
germination percentages during the latter part of the storage period 
than the seed stored in rooms 1 and 2. Seed stored in room 2, which 
received no sunlight or ventilation, showed the most rapid decline:- 

As previously noted, the seed from the bottom bags in the stacks 
on the floor of rooms 1 and 2 was the first to show definite decreases in 
germination percentages. The moisture content of the seed in these 
bags was sliglitly higher than in the middle or top bags from the same 
stack. In room 1, the average moisture percentage of the seed in the 
bottom bag from November 24, 1930, to November 24, 1931, was 

11.47 ])ercent, as compared with 11.01 percent in the middle bag and 
10.92 ])ercent in the top bag. In room 2, the average moisture content 
of the seed in the bottom bag was 11.95 percent as compared with 

11.48 percent and 11.32 percent in the middle and top bags, respec¬ 
tively. 

The results of the foregoing experiments show that in normal dry 
storage sea-island cottonseed may be preserved under the conditions 
prevailing in the coastal district of South Carolina for 2 years without 
material Toss of viability. Some decrease in germination was evident 
during the first 6 months of the tliird year, but the seed retained 
sufficient viability for planting purposes when 2)i years old. 

RPJLATION OF MOISTURE CONTENT TO DETERIORATION OF SEED 

A series of tests was begun in July 1930 to determine the effect of 
moisture content on the keepii^ qualities of stored cottonseed. For 
these tests, 700 pounds of sea-island cottonseed, harvested in the fall 
of 1929, was thoroughly mixed, and samples taken to determine the 
moisture and germination percentages. Three 100-pound lots of this 
seed were stored as follows: 

Lot 1, —Air-dried seed stored in can with perforated lid. 

Lot 2, —Air-dried seed stored in can with tight lid. 

Lot S. —Air-dried seed stored in burlap bag. 

At the beginning of the tests, these air-dried seed contained 10.77 
percent moisture and 90 percent germinated. 

131915—36-5 
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The remainder of the seed was exposed to the sun for approximately 
7 hours and was then divided into four 100-pound lots and stored as 
follows: 

Lot 4’ —Sun-dried seed stored in can with perforated lid. 

Lot 6. —Sun-dried seed stored in can without lid. 

Lot 6, —Sun-dried seed stored in can with ti^^ht lid. 

Lot 7.—Sun-dried seed stored in burlap bag. 

At the beginning of the tests, these sun-dried seeds contained 7.8 
percent moisture and gave a germination of 85 percent. The initial 
determinations of moisture and germination on these lots were made 
in the laboratory of the Division of Seed Investigations, Bureau of 
Plant Industry, at Washington, D. C., from representative samples 
transmitted in sealed containers. All the other determinations of 
moisture and the germination percentages (table 2) were made at 
James Island. Beginning December 1, 1930, determinations of 
moisture and germination were made on each of the seven seed lots, 
usually at approximately 2-month intervals, until March 12, 1934. 
During the period of storage, the seed was kept in room 1 of the seed 
house. The cans designated as sealed w^ere fitted with tight lids, but 
were not airtiglit, and were opened for sampling at regular intervals. 
All samples were drawn with a sampling tube designed to secure a 
composite sample from a longitudinal section through the bag or can. 

Table 2. —Mointare arui germination percentagen of sea-island cottonseed, air-dried 
and sun-dried, stored in cans and bags at James Island, S. C., July 1930 to 
March 1934 


Storiul in cans 


stored m baus 


Date 


Lot 1 

(air-dned, 
lid perfo¬ 
rated > 


Lot 1 ! 

' (sun- I 

( dried, hd 
' perfo¬ 
rated) 



July 27, 1930-. 

Pet 

10 17 

Pet 

90 

Pet 

7 80 

Pet 

85 

Dec. 1. 1930.. - 

11.14 

91 

8 30 

97 

Jan 20, 1931 

10 90 

88 

8 20 

94 

Mar 10, 1931 

10 30 

91 

8.50 

95 

May 26, 1931_ 

July 20, 1931_ ... 

10 82 

92 

8 17 

90 

10 85 

81 

8.41 

95 

Sept. 21, 1931_ 

10. 44 

84 

7 74 

8:1 

Nov 10, 1931. . 

10 03 

91 

8 31 

91 

Jan. 16, 1932_ .. 

11 83 

85 

9 39 

80 

Mar. 14, 1932. 

11 22 

79 

8 98 

84 

May 9, 1932_ 

11 04 

81 

8 95 

85 

July 7, 1932_ 

10 87 

72 

8 57 


Sept. 1, 1932--. 

10 54 

39 

8 54 

M 

Oct. 27, 1932... . 

11.53 

48 

9,04 

84 

Jan 4, 1933_ 

11 37 

44 

8 94 

80 

Feb. 27, 1933.. . 

11 55 

33 

9 08 

85 

Apr 24, 1933 .. . 

11. 21 

34 

9,15 

81 

June 20, 1933. . 

ll.H 

28 

9.09 

87 

Auj?. 9, 1933-. 

10. 35 

0 

8.90 

85 

Oct. 3, 1933 . 

11.20 

0 

9 27 

80 

Dec. 4, 1933 . _ 

11.32 

0 

9 30 

89 

Jan. 8, 1934. 

11.35 

0 

9.23 

80 

Mar. 12, 1934 __ 

11 22 

0 

9.20 

80 


I.<)1 5 
(sun- 
dried, 
not 

sealed) 

I.ot 0 
(siin- 
driecl, 
'•eiiled) 

Lot 2 
(air-dned. 
se'de<l) 

I.ot 7 
(siin- 
dri(d) 

! 

1 

1 Lot 3 
; (air-dned) 


B 


B 


1 B 


B 


B 


C 


C 


C 


© 


O 


« 

£ 

« 

£ 

ec 

a> 

« 

<Xi 



B 


c 

3 

B 

3 

B 

3 

S 

5 

1 

o 

S 

B 

In 

TN 

C 

s 

'o 

tk! 

C 

5 

P. 

1 

Pet. 

Pet 

Pet 

Pet 

Pet. 

Pet 

Pet. 

Pet 

Pet 

Pet 

7 80 

85 

7 80 

85 

10 77 

90 

7 80 

85 

10 77 

90 

8 10 

87 

8 12 

89 

11 30 

91 

10.00 

IN) 

11 02 

95 

8 07 

90 

7.91 

94 

11 22 

95 

10 52 

93 

11. .52 

92 

7.70 

91 

7.80 

93 

11.15 

90 

10. 50 

91 

11 05 

92 

7 90 

95 

7 80 

92 

10 72 

80 

10 09 

94 

10 75 

95 

7 85 

91 

8 01 

92 

10.98 

87 

10 41 

89 

10.81 

96 

7.39 

87 

7 23 

85 

! 10.80 

85 

10. 32 

81 

10 50 

91 

7 75 

90 

7 80 

92 

10 84 

84 

9 91 

88 

10 70 

80 

8 98 

85 

8 83 

89 

11 99 

85 

D.49 

87 

11 80 

88 

8.44 

87 

8.44 

91 

11 00 

84 

10 99 

85 

11 :i4 

88 

8 30 

84 

8,60 

85 

11 88 

71 

10.83 

71 

10.91 

81 

8.85 

78 

7 74 

80 

11.02 

02 

10 70 

49 

10 91 

39 

8 2{ 

81 

7.78 

85 

11.05 

39 

10 00 

42 

11 03 

41 

9.28 

80 

1 8.37 

87 

11.30 

39 

11.17 

04 

11.74 

45 

9 14 

87 

8 40 

90 

11 20 

32 

11.20 

36 

11 59 

31 

9.29 

90 

8 39 

93 

11.25 

24 

11 28 

50 

11.04 

30 

9.58 

89 

8.20 

82 

11.54 

19 

11.24 

38 

11.31 

17 

9.28 

80 

8.12 

85 

11 51 

10 

10 99 

18 

11.20 

11 

8 97 

79 

8.21 

80 

11 12 

1 

11 07 

0 

11.42 

I 

9.21 

77 

8.20 

81 

11.34 

0 

10.89 

0 

11 27 

0 

9,35 

81 

8. 31 

88 

11 40 

0 

10.81 

0 

11.11 

3 

9.32 

78 

8.28 

89 

11.38 

0 

11.06 

0 

11.02 

0 

9.11 

78 

8.23 

93 

11.18 

0 

10.58 

0 

10 90 

0 
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The data in table 2 show that the sun-dried seed stored in a burlap 
bag regained moisture rapidly. After approximately 4 months’ 
storage, this seed contained 10.6 percent moisture, only 1.02 percent 
less than the air-dried seed stored under the same conditions. The 
germination and moisture percentages of the two lots stored in bags 
were approximately equal during the remainder of the storage period. 
Both lots germinated well until May 1932, after which deterioration 
was rapid. No appreciable advantage was gained by sun-drying and 
ro-stormg in burlap bags. 

A comparison of the results obtained with air-dried seed in lots 1 
and 2, stored in cans, and lot 3, stored in a burlap bag, show no 
appreciable difference in moisture or germination percentages through¬ 
out the tests. None of these lots of seed showed a fluctuation of more 
than 1.5 percent in moisture content during the period of storage, the 
maximum moisture content in all cases being below 12 percent. 

The importance of moisture as a factor in seed deterioration is 
shown by the data obtained from the sun-dried seed stored in cans. 
Lots 4, 5, and 6, in which the moisture content was reduced to 7.80 
percent before storage on July 27, 1930, retained their viability with 
little impairment up to March 1934. ()ver this period of approximately 
Sli years, the moisture content of the seed in the unsealed can fluc¬ 
tuated between 7.8 and 9.58 percent, there being a gradual rise in 
moisture content as the storage period lengthened. The seed in the 
sealed can fluctuated between 7.8 and 8.83 percent moisture, the last 
determination, Jiiadc on March 12, 1934, being 8.23 percent. During 
the latter part of the storage period, the average germination per- 
cont-iige of the sun-dried seed in the sealed can was slightly higher than 
that of the seed in the unsealed can or in the can with perforated lid. 

These tests indicate that sea-island cottonseed may safely be stored 
for 4 or more years if the moisture content of the seed is not in excess 
of about 9 percent. Sun-dried seed stored in tin containers reabsorbed 
moisture very slowly, even thoiigli unsealed. When dried and stored 
in l>urlap bags, seed regained moisture rapidly. The type of storage 
did not materially affect the keeping qualities of the seed except 
as it prevented the reabsorption of moisture. Throughout the storage 
period there was no appreciable difference between the germination 
percentages of air-dried seed stored in a sealed can and air-dried seed 
stored in a burlap bag. 

EFFECT OF MOISTURE CONTENT ON GERMINATION OF SEED IN 
DIFFERENT TYPES OF STORAGE 

Further experiments on the relation of moisture content of cotton¬ 
seed to deterioration in storage were begun in 1931 with seed of 
upland cotton. Four lots of seed, ranging from 8.75 to 13.78 percent 
in moisture content, were divided and stored in three ways, namely, 
in wooden bins, in burlap bags, and in tin containers. 

Bulking the seed in piles or bins probably is the most cominon 
method of storage. The bins used in tliis experiment were 2 feet wide, 
4 feet long, and 4 feet deep, constructed of matched lumber, and not 
covered. 

The seed lots wT.re obtained from a bulk lot of gin-run seed and 
subjected to various treatments to obtain the desired naoisture content 
in each lot. The seed was grown in 1931, and the low initial germina- 
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tion was due to deterioration in the field ^ before harvesting and not 
to damage in storage. 

Lots 1 and 2 represented air-dried and sun-dried seed and contained 
9.59 and 8.75 percent moisture, respectively. Lots 3 and 4 after 
being wet to various degrees were passed through a drying machine 
to equalize the moisture and to dry them to the desired moisture 
content. These lots were placed in storage on November 3, 1931. 
Moisture and germination tests were made on each lot on November 3 
and at frequent intervals thereafter until April 24, 1934. 

Although the moisture content of the four lots of seed stored in 
bins (fig. 1, A) ranged from 8.75 to 13.78 percent when the seed was 
stored in Nov-ember 1931, a difference in moisture content of only 
about 1 percent existed by November 1932. The dried seed, lots 
1 and 2, showed no appreciable loss in vitality until June 1933, a 
period of 19 months. Seed wet to 11.16 percent moisture showed a 
decrease in germination percentage in 10 months, and seed wet to 
13.78 percent showed a consistent decrease in 8 months. 

The four seed lots stored in bags, being more exposed to atmos¬ 
pheric humidity, reached a point of uniform moisture content much 
more rapidly than the seed stored in bins. Although there was a 
difference of 5.03 percent in the moisture content of the four lots 
when first stored (fig. I, B), after a period of 6 months the difference 
was less than 1 percent. While the dried seed stored in bags absorbed 
moisture a little more rapidly than those stored in bins, no appreciable 
difference in germination of these lots was shown. However, the 
seeds which were wet to 11.16 and 13.78 percent moisture and stored 
in bags dried out to a normal moisture content more rapidly than 
similarly treated seeds stored in bins, and remained viable for a 
longer period. 

The importance of moisture as a factor in cottonseed deterioration 
is illustrated in the data from the four lots stored in tin containers 
(fig. 1, C), like those stored in bins and in bags, those four lots 
contained moisture ranging from 8.75 to 13.78 percent when stored 
in November 1931. The tin containers, each of which held about 
100 pounds of seed, were covered but not sealed airtight, and wei*e 
opened for sampling at regular intervals. Some fluctuations in the 
moisture content of the samples drawn from the different lots were 
noted during the period of the test, but these were very small, seldom 
v’ar3dng more than 1 percent from the initial moisture content. 

Lot i, representative of normal air-dried seed and containing 9.59 
percent moisture at the time of storage, showed no appreciable 
decrease in germination until June 1933, 19 months after storage. 
After June 1933, germination was more variable, indicating that the 
seed, though still viable, was weaker and reauired more nearly 
optimum conditions to germinate. No appreciable differences were 
shown in the germination percentages of seed from lot 1 under the 
three methods of storage. 

Sun-dried seed stored in a tin container at an original moisture 
content of 8.75 percent showed only narrow fluctuations in moisture 
content and gemmation throughout the period of storage. On April 
24, 1934, approximately 2K years after storage, the sun-dried seed 

* Simpson, D. M., and Stone, B. M, viability of cottonseed as affected by field conditiov ^ 
Jour. Agr. Kesearch 50:435-447. i935. 
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Figure 1.—Relation of moisture content to permination of upland cottonseed. .4, Stored in bins; B* 
stored in baps; C, stored in tin containers. Solid lines indicate air*dried seed; broken lines, sun-dried; 
dotted lines, wet to 11 percent moisture: lines of dots and dashes, wet to 13 percent moisture. 
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contained 9.38 percent moisture, and 64 percent germinated. At the 
conclusion of the tests, this lot gave the highest germination per¬ 
centage obtained from any of the stored seed. 

Seed wet to 11.16 percent moisture content and stored in a tin 
container showed little decrease in viability during the first 8 months 
of storage, the test made on July 12, 1932, showing 64 percent ger¬ 
mination as compared with an original germination of 67 percent. 
However, the decrease in germination was rapid after July 1932 and 
on April 24, 1934, at the close of the test, only 1 percent of the 
seed from this lot germinated. 

vSeed wet to 13.78 percent moisture and stored in a tin container 
fluctuated only slightly from this moisture percentage during the 
period of the test. The germination percentage of these seeds was 
not lowered by the high moisture content during the first 6 months 
of storage, but after 6 months it decreased rapidly, and the seeds 
were all dead 9 Tuonths after the beginning of storage. 

FroTii the foregoing tests, it is evident that a moisture content in 
excess of 10 percent is a critical factor in the longevity of stored 
cottonseed. Reducing the .moisture content below 9 percent materi¬ 
ally lengthens the time that the seed may be safely stored, provided 
the method of storage is such as to prevent the reabsorption of 
moisture fro.m the atmosphere. If the seed contains moisture in 
excess of that ordinarily induced by atmospheric conditions, open 
storage providing ventilation reduces the moisture content and 
improves the storing qualities of the seed. 

SUMMARY 

Storage experiments with sea-island and upland cottonseed under 
the humid conditions prevailing at James Island, vS. C\, showed that 
in ordinary storage cottonseed deteriorates rapidly after 2 years. A 
definite relation is indicated between the moisture content of the 
seed during storage and the rapidity of deterioration. Sea-island 
seeds, with a moisture content reduced below 8 percent, when stored 
in tin containers to prevent the rapid reabsorption of .moisture, retained 
their gennination percentage with only slight impairment for 4?2 
years. Upland cottonseed stored under various conditions and 
containing from 8.75 to 13.78 percent moisture deteriorated rapidly 
when the moisture in the stored seed remained above 10 percent. 
Dried seed stored to prevent reabsorption of moisture showed only 
slight deterioration after 2% years. Seed containing 13.78 percent 
moisture and stored to prevent drying were all dead 9 months after 
the beginning of storage. 



A STUDY OF SOME UNPRODUCTIVE SPORTS OF THE 
MONTMORENCY CHERRY' 


By V. R. Gardner 2 

Director^ Michigan Agricultural Experiment Station 
INTRODUCTION 

The literature of fruit growing contains a number of references to 
barren or seiniban’en strains. The fact that more attention has been 
devoted to their occurrence in citrus than in other classes of fruits 
has led to the rather general assumption that they appear rarely or 
at least very infrequently in the common deciduous fruit groups, and 
that they are of relatively small economic importance. Indeed, the 
existence of truly unproductive variations that can be and are per¬ 
petuated as strains has been denied by some. There is, nevertheless, 
evidence that such strains have appeared and have been propagated, 
either intentionally or unintentionally, in a number of fruits. Ac¬ 
cording to Carri^^re {2),^ such a sport of the Frankental grape was 
known as early as ISbO, and Powell (f) described an instance of the 
deterioration of a commercial stock of the Fay Prolific currant through 
the appearance and propagation of unproductive strains. More 
recently attention has been called to the ai)pearance of similar barren 
or semibarren strains in the Bartlett pear (<?), the Downing goose- 
IxuTv {12)^ the Montmorency cherry (5), and in several varieties of 
the sweet clierry {4, 0), Though there seem to be few recorded 
instances of the revei*se type of sporting, where a barren or seini- 
barreui form gives rise to a productive type, such instances are not 
unknown. Thus, a double-flowered and barren form of the horse- 
chestnut has given rise to a single-flowered branch that sets and 
matures seed (7), and a nonproductive variety of the Alpine currant 
{Ribes alpinvrn sterile) has yielded a productive form through bud 
mutation (5). 

Apparently, in most of the unproductive strains of Citrvs^ lack of 
fruitfulness is associated with a failure of the blossoms to set fruit, 
for they are des(‘ribed as blossoming profusely (5, 10, 11). Most of 
these unproductive Citrus strains are said to be characterized by an 
ex(*eptionally strong vegetative growth. The barren sweet cherry 
sports that have been described likewise blossom freely, though a 
large portion of their flowers are undersized and more or less defec¬ 
tive in appearance (0), and they set little fruit. Little information 
is available as to the factors or characteristics that are associated 
witli a lack of productivity in the other barren or semibarren sports 
that have been described. 

> Received for publication Nov. 20,1934; issued May, 1935. Journal Article No. 197 (n. s.) from the 
Michigan Agricultural Kxi)eriment Station 

» Several members of the staff of the horticultural section of the Michigan Experiment Station from time 
to time have collected records of fruit setting or frost injury on some of the variants herein described. 
Thanks are especially due Dr. George F. Gray for preparing the thousands of sections of flower buds, 
flowers, and developing fruits that were used in this study. The photograph from which figure 2 was 
reproduced was supplied by R. E. Gibson, of South H.aven, Mich. 

* Reference Is made by numl)er (Italic^ to Literature Cited, p. 478 
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OBJECT OF THE STUDY 

Field observation in a large number of commercial Montmorency 
cherry orchards in Michigan during recent years, coupled with a 
considerable number of individual tree yield records, has convinced 
the writer that the appearance of unproductive bud sports ^ is of 
much more common occurrence in the Montmorency variety of the 
sour cherry {Prujius cerasus L.) than has generally been suspected, 
and that tliere has been a consequent deterioration in crop yields of 
considerable magnitude. To ascertain the real status of the problem, 
a somewhat careful study was made of a number of these unproduc¬ 
tive sports that for one reason or another had attracted attention. 
Descriptions of some of the more distinctive of these forms follow. 

PRESENTATION OF DATA 

LOW PRODUCTIVITY ASSOCIATED WITH LIMITED FLOWER-BUD FORMATION 

Station Setection 191 

Since 1929 the Michigan Agricultural Experiment Station has liad 
under observation, in a commercial planting of Montmorency cherries 
near Fennvdlle, Mich., a large tree that has been cataloged and 
propagated as selection 194. , When first described it liad a trunk 
diameter of about 8 inches, being one of the largest trees in the 
orchard. About two-thirds of the top of this tree seems to be en¬ 
tirely normal for Montmorency, producing year after year medium- 
sized crops of normal-appearing fruit. The other third, comprising 
one large scaffold limb (fully 3 inches in diameter) that is more or 
less outgrowing the remainder of the tree, has, in each of tlie 5 years 
it has been under close observation, borne very lightly—the yield 
varying from an estimated one-tenth to an estimated one-quarter 
of a crop. The flowers on the semibaiTen limb appear normal in 
every respect and the fruits which it matures cannot be distinguished 
from those borne by the remainder of the tree. On the other hand, 
this limb bears distinctly fewer flowers, relatively, than the remainder 
of the tree or than is normal for trees of the Montmorency variety, 
and practically all its fruits are from flowers developing from buds 
on shoots. The spurs of this branch are practically without visible 
lateral flower buds, while those of the remainder of the tree each 
year develop a considerable, if not the usual, number of such flower 
buds. The failure of the spurs of this limb sport to form a normal 
number of lateral flower buds is well brought out in table 1 and 
figure 1. Over half of the spurs are entirely barren and most of those 
that form flower buds develop only a very small number. These 
wholly barren or lightly productive spurs are scattered evenly and 
indiscriminately over the bearing surface of the limb. The few 
flower buds that are produced by the spurs of the barren sport, 
however, are apparently as good individually as those produced 
elsewhere in the tree or on other trees. Why the spurs on this partic¬ 
ular branch should fail to form flower buds freely is somewhat dif- 

* The term “sport” is used in this paper to refer to a whole-tree or limb variant that has been under 
observation for a number of years so that the permanence of its deviation from typo in the orchard or in 
the tree is established. In most of the instanc*es cited the variant and the accompanying parent or normal 
form have been propagated vegetatively. In some instances a number of the daughter drees have reached 
bearing age and the existence of barren or semibarren strains of bud-sport origin has been definitely estab¬ 
lished. In others the daughter trees have not been under observation long enough for a comparison to be 
made of their behavior with that of the parent or normal forms. 
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ficiilt to understand, for they have as many and as large leaves as 
the normally productive spurs. Attention is called to the fact that 
the so-called normal” part of this imusual tree produces a larger 
percentage of barren spurs and spurs that average fewer lateral 
flower buds than is characteristic of other Montmorency trees of the 
same age in the same orchard. 



J. -,t, A fruiting: limb of the “normal” part of a tree on which selection 194 appeared as a bud 
.^lort; B, a typical limb of selection 194, Note the almost complete absence of flower buds on spurs of 


Table 1. —Flower buds on random samples of spurs from station selection 
from the “norwa/" part of the same free, and from other typical Montmorency 
trees, 1933 


Total for random 

A typic'al samples of 190 Normal part Limb sport 
Flower buds i)er spur (number) Montmorency trees in a typical of tree having Selection 

tree (check) Montmorency limb sport 194 

orchard 
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Though the lack of productivity of this bud sport (selection 194) 
is plainly due primarily to the partial failure of its spurs to form 
flower buds, its flower buds show a somewhat greater susceptibility 
to frost injury than those of the normal part of the tree (in the spring 
of 1933 the percentages killed were 34 and 17, respectively). 

Other Instances 

After the discovery of the semibarren limb sport, described above, 
watch was kept for other sports of a similar ty])e. Altogether, 
seven have been found in widely separated parts of Michigan. They 
differ more or less from one another, ranging from almost completely 
barren forms to what may bo termed simply light producers. Brief 
descriptions of these sports are presented herewith and data on 
the number of fruit buds per spur are given in table 2. 


Table 2. —Frequency distribution of numbers of flower buds per spur on certain 
semibarren limb sports and on the nor trial'' * portions of the same trees 
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‘ What is here designated as “normal” is, more accurately, the nonsporting portion of the tree. Jn 
reality it is in some instances, something intermediate between the true normal condition for the variety 
and that found on the sporting limb 


Selection 093 is a limb sport discovered in 1933 in the orchard 
of W. McManeth, north of Traverse City. Like selection 194, it 
is a large scaffold limb in a tree that is 7 to 8 inches in diameter. 
It is, however, almost completely barren, for flower buds are formed 
on less than 2 percent of its spurs, though all of them have the usual 
amount of foliage. The few blossoms and fruits that it bears seem 
to be entirely normal for the Montmorency variety. 

Selection 625, another limb sport, was found in 1933 in the orchard 
of J. Flack in the Grand Traverse district. It resembles selection 
693 more closely than it does selection 194 in that almost all of its 
spurs are barren. This branch is about 2 inches in diameter and 
originated as a limb sport in the top of a tree that must have been 
at least 8 or 10 years old at the time the sport appeared. Its position 
in the tree is such as to lead to the behef that the terminal bud on 
an oblique upright branch suddenly sported in this way, for the 
lateral branches on this branch up to a certain point are all normal 
in spur growth and productivity, while those that originate above 
that point bear spurs of the type just described. The limb sports 
194 and 693, on the other hand, developed from lateral buds. 
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The limb sport cataloged as selection 700, discovered in an old 
tree in the orchard of D. H. Metzger, Traverse City, in 1933, closely 
resembles no. 194, in that it constitutes a main scaffold limb (4 to 
5 inches in diameter, in this instance) and that it is a semibarren 
form rather than an almost completely barren form like nos. 625 
and 693. Two-thirds of its spurs are without flower buds, and the 
remainder form a smaller number than do the spurs on the main, 
normal part of the tree (table 2). The normal part of the tree is 
very productive. Counts made shortly after a period of severe 
col^ in February 1934, when temperatures as low as —30® F. were 
recorded in the neighborhood of this orchard, showed that 49 per¬ 
cent of the flower buds of this limb sport had been killed, whereas 
only 12 percent of those on the normally productive part of the 
tree (no. 701) had been killed. Similar differences were not found 
between the other barren or semibarren limb sports described in 
tliis group and their normal checks. The low productivity of this 
particular limb sport is, therefore, to be attributed at least in part 
to the susceptibility of its flower buds to winter injury. 

The limb sport cataloged as selection 629 was first noticed in 1930. 
It was found in the very top of a tree, then about 25 years old, in the 
experiment station orchard at East Lansing, the branch in question 
being about one-half inch in diameter. The tree as a whole has been 
normally productive, but each year this branch produces a very 
light crop. Reference to table 2 show’s that, though its spurs aver¬ 
aged nearly 3 flow^er buds each, this is only about twm-thii*ds the 
number produced by the spurs on the normal part of the tree. Thirty- 
eight percent of its spurs had less than 3 buds each, while only about 
() percent of the spurs of selection 630 had less than 3 each. The 
semibarren condition of this particular limb snort is due in part to 
the fact that a much low^er percentage of its blossoms set fruit than 
do those on the main part of the tree. Further reference to this 
characteristic will be made later. 

The tree in wiiich the forms cataloged as selections 702 and 703 
were found is located in the orchard of John Stanek, at Traverse City. 
One part of this tree, the main portion (selection 702), is moderately 
produ(*tive and matures its fruit at the usual ripening season for 
Montmorency. I ts fruits appear normal in every respect. Reference 
to table 2 show’s, how’ever, that its fruit spin’s averaged only 1.6 
flower buds each—half the number characteristic of Montmorency. 
Especially significant is the fact that a third of the spurs were entirely 
without flower buds. Though this tree is perhaps a little less favor¬ 
ably located with respect to soil than most of the others in the same 
orchard, the trees immediately surrounding it had spurs with the 
usual number of flower buds. All have had uniformly good care, 
and the small number of buds per spur cannot be attributed to lack 
of soil fertility or poor foliage. The evidence indicates that w’hat is 
here called tlie ‘‘normaF' part of the tree is intermediate between a 
fully productive condition and low productivity. 

A limb sport in this same tree, cataloged as selection 703, is light- 
yielding and matures its fruit from 10 days to 2 weeks later than 
normal. Over half of its spurs are barren, while the remainder have 
only a few flower buds (table 2). The barren spurs on both parts 
of this tree—i. e., on the parts cataloged as selections 702 and 703—are 
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distributed more or less evenly or indiscriminately over the entire 
bearing surface. 

A tree located in the orchard of J. Flack on the Old Mission Penin¬ 
sula north of Traverse City, is interesting in that it apparently 
represents a condition intermediate between the one furnishing 
selections 702 and 703 and that furnishing selections 625 and 626. 
In this instance the tree is relatively young (set in 1925) and very 
vigorous. A third of the spurs on its ‘^normaP’ part (cataloged as 
selection 696), however, in spite of its excellent care, vigorous con¬ 
dition, healthy foliage, and the barely moderate crop that it bore in 
1933, formed no flower buds for 1934, though the spurs that did 
form buds developed a normal number. Three-fourths of the 
spurs on its large, semibarren limb sport (cataloged as selection 
695) failed to form flower buds, and those that did develoiD them 
differentiated only a little more than half the number characteristic 
of the variety (table 2). Thus, the moderately productive main 
part of the tree (no. 696) is comparable to selection 702, while its 
semibarren limb sport (no. 695) is intermediate in type between 
selections 703 and 693. The distribution of the barren spurs on the 
smaller hmbs of both no. 696 and its limb sport, no. 695, roughly 
resembled that of color striping in certain sectorial chimeras. 

Another hmb sport of this same type, i. e., one whose fruit spurs 
were barren or nearly so, was discovered in 1931 in the orchard of 
George Wheeler, near Shelby. It was cataloged as selection 597 and 
buds were obtained for propagation, but exact counts were not made 
of the number of flower buds per spur. 

It is evident from the foregoing descriptions that these Mont^ 
morency sports, characterized by fruit spurs that develop few or 
no flower buds, constitute a series. Some like no. 693, are almost 
completely ban'en; others, like nos. 696 and 626, fall only a little 
short of being moderately productive. Between the two extremes 
may be found almost any intermediate form. 

BARRENNESS ASSOCIATED WITH DEVELOPMENT OF LEAF BUDS IN PLACE OF 

FLOWER BUDS 

In 1932 Drain (5) described a barren limb sport of the Montmor¬ 
ency, then being propagated at the Michigan station as selection 
152 (fig. 2), in the following terms: 

This is a sector of an old Montinoieiicy tree growiriR in the McCrasslin orchard 
of the late Amos Tucker, of Bravo, Mich., and has been observed for a number 
of years. The off-type sector has outgrown the rest of the tree. Its foliage is dark 
green in color and very dense, except on young, rapidly growing shoots. Spurs are 
produced in profusion, but very few blossoms. * * ♦ The few fruits produced 

on the vegetative portion of the tree appear normal for Montmorency. 

Closer examination of the parent tree shows that the normal 
portion possesses the spur-bearing habit in a marked degree—i. e., 
very few of the lateral buds on the shoots, even the very short shoots 
differentiate flower parts—and consequently practically the entire 
crop is spur-borne. Similarly, the lateral buds on the shoots of the 
barren limb sport are exclusively, or almost exclusively, Jieaf buds. 
On the other hand, while the spurs on the normal portion of the tree 
develop the usual number of flower buds and regularly set and mature 
a large crop of fruit, the buds that develop in the axils of the spur 
leaves on the barren limb sport are leaf buds. 
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Sections made tlirough these buds collected at successive stages 
throughout the summer, fall, and winter show them to be practicdly 
identical in structure with the terminal leaf buds on the same spurs 
or the terminal buds of the spurs on the normal part of the tree. 
These lateral leaf buds are smaller and more pointed than the flower 
buds occupying a similar position on the spurs of the normal part of 



Fiotjrk 2.—Tree In which selection 162 oriKinated a.s a limb sport (limb in foreground, lettered HM) Note 
its tendency to outgrow the remainder of the tree and the density of its foliage, as compared with that 
on the normal limb at the left. 


the tree (fig. 3). In the spring when growth starts, these leaf buds 
open, and each one pi'oduces a small rosette of leaves, just Uke the 
normal terminal bud of the spur, though, owing to competition and 
the consequent crowdinjg, a considerate percentage of the growing 
points die and are abscised. Nevertheless, some of them are able 
to survive, the result being the gradual development of much-branched 
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spurs. Tliis gives the older portions of the tree the appearance of 
possessing a very compact, dense type of growth (fig. 2). Occasion¬ 
ally, one of the lateral buds on the spTirs of tliis limb sport matures 
fruit, but the percentage of such buds is loss than 1. Sections of buds 
from tliis limb sport collected at intervals throughout the year show 
that in those few instances where flower buds are formed, dilTerentia- 
tion takes place at the usual season, flower development is normal, 
and the flowers open when the rest of the tree is in blossom. Trees 

of bearing age prop¬ 
agated from this 
limb sport reproduce 
its characteristics 
faithfully. 

In the summer of 
1933 two other limb 
sports, almost identi¬ 
cal in appearance 
with selection 152, 
were found in or¬ 
chards of different 
ages in the vicinity 
of Traverse City, and 
two others were 
found in an orchard 
about 10 years old 
near Eau Claire. 
The Traverse City 
sports are now being 
propagated as selec¬ 
tions 015 and 627, 
and the Eau Claire 
variants as selections 
656 and 658. In the 
Eau Claire orchard 
yielding selections 
656 and 658 there is 
a whole-tree variant 
of the same character 
(cataloged as selec¬ 
tion 654), which has 
in turn produced sev¬ 
eral small branches whose spurs show a complete return to the nor¬ 
mally productive condition. 

Still another limb sport of this same type (cataloged and propa¬ 
gated as selection 608) should be recorded in this connection. To the 
casual observer it appears practically identical with nos. 152, 615, 627, 
etc. It differs, however, in that though some of its few flower buds 
open at the same time as those on the normal part of the tree (selec¬ 
tion 609), others are only half or a quarter grown, and their blossom¬ 
ing season is prolonged for a full month beyond that which charac¬ 
terizes the parent variety. Numerous sections of lateral spur buds of 
this limb sport collected at regular intervals indicate that, though 



Fio .V—Representative spurs of selection 152 are shown in A and from 
the normal i>ortlon of the same tree at f3. Note the difference In the 
sire and shape of their lateral hiid.s. The lateral buds of the limb 
sport no. 152 do not differentiate flower parts. 
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very few ever differentiate flower primordia, and tiiough a consider¬ 
able percentage of the few that do, differentiate them at the usual 
time, in some buds differentiation occurs a month or 6 weeks later 
than normal. This is well brought out in figure 4. In this particular 
sport, it is the buds whose flower primordia differentiation is '^post- 
season'^ that develop slowly and open late the following spring. 

LIGHT PRODUCTION ASSOCIATED WITH SUSCEPTIBILITY OF FLOWER BUDS TO 
KILLING BY LOW MIDWINTER TEMPERATURES 

Winter-killing of flower buds has always been recognized as more 
or less of a limiting factor in sour cherry production, as it is with other 



Figure 4 —A and B: Sections through the growing points of representative lateral spur buds of a normal 
Montmorency cherry tree collected July 14 and August 14. respectively, showiner early and wcll-ad- 
van(»d stages of flower-bud differentiation; Cand /), oorrasponding sections througn the growing points 
of the few lateral sjmr budvS on its seniibarren limb sport (selection fiOS) that differentiate flower parts. 
By August 14 the flower buds reach about the same stage of development attained by those of its parent 
tree a month earlier (X <>5). 

deciduous fruits, though observation indicates that it is relatively of 
much less importance than the killing of opening buds by spring frost. 
In the effort to ascertain the causes of the light cropping of many 
cherry trees it was decided to look for evidence of bud sports that 
might be susceptible to low winter temperature. The data on several 
of the more striking cases follow. 
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Selections 262 and 263 

In the spring of 1932 an old Montmorency tree was found in the 
orchard of Clayton Riley, near Hears, which had one limb, about 2 
inches in diameter, carrying only a third or half a crop of blossoms, 
while the remainder of the tree was carrying a normal crop. Many 
of the flower buds on the light-blossoming limb had not opened and 
many of those that had opened were producing only 1 or 2, instead of 
3 or 4, blossoms. Examination showed that the individual flower 
rudiments in these buds wore dead, presumably from midwinter 
freezing. The light-blossoming limb in this tree was cataloged as 
selection 262, and the normal, main part of the tree as selection 263. 
Limb 262 matured a very light crop in 1932, while the rest of the tree 
produced a heavy crop. The winter of 1932-33 was one of ordinary 
temperatures and there was practically no winter-killing of flower 
buds on either part of this tree. However, there was considerable 
frost injury in the spring of 1933. Count of a random sample of 
blossoms showed that 48 percent of those on limb sport 262 had been 
killed, and 53 percent of those on selection 263. Both parts ma¬ 
tured a medium-sized crop of fruit in the summer of 1933. In Feb¬ 
ruary 1934, there were unusually low temperatures. Examination 
of flower buds collected March 10 showed winter-killing of 17 per¬ 
cent of the individual flowers in selection 263 and 47 percent of those 
in its limb sport (no. 262). In July 1934, limb sport 262 matured 
a medium-sized crop, while the normal part of the tree matured 
a heavy crop—and this in apite of the fact that counts made at the 
blossoming and harvesting seasons showed that fruit setting was sub¬ 
stantially liigher on the limb sport than on the normal part of tlie 
tree. 

Selections 264 and 265 

About 200 yards from the tree in which selections 262 and 263 were 
found is another, several years younger, that in 1932 similarly showed 
rather marked differences from limb to limb in the percentages of 
flower buds that had been winter-killed, followed by corresponding 
differences in yield. The limb showing the largest amount of wnter- 
killing of flower buds and lighter yield was cataloged as selection 264; 
the remainder of the tree as selection 265. As in selections 262 and 
263, there was no killing of flower buds during the winter of 1932-33. 
Both parts of the tree showed the same amount of frost injury to 
blossoms (28 percent) in the spring of 1933, and both parts matured a 
good crop the following July. Following the low temperatures of 
February 1934, examination showed that 75 percent of the blossom 
buds on limb no. 264 were killed, while only 53 percent of those on 
no. 265 were killed. This at first does not seem to be a great differ¬ 
ence, but when translated into terms of survival, it is a difference of 2 
to 1 and corresponds rather closely with the subsequent (1934) 
yields of the 2 portions of the tree. 

Selections 481, 482, and 482A 

A tree of the Montmorency variety with a limb sport of peculiar 
growth habit, producing small-sized, early matunng fruits, was 
found in an old orchard belonging to George Andrews, near Shelby. 
It has been under observation since 1929. The east side of tliis tree 
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(cataloged and propagated as selection 481), which constitutes about 
a third of the entire top, in vegetative, flower, and fruit characters 
appears entirely normal for Montmorency. The remainder of the 
tree (yjropagated as selection 482) is somewhat more vigorous and 
upright in growth, with thicker shoots. Its iuternode length averages 
about V/i inches, as compared with 2 inches for no. 481; its flower 
clusters average 2.4 flowers each, as compared with 3 for no. 481; its 
fruits in 1933 averaged 2.08 g in weight as compai*ed with 3.44 g for 
no. 481. The^ mature about 10 days earlier than the normal Mont¬ 
morency cherries and are somewhat mihler in flavor. 

In some seasons both parts of this tree have been equally pro¬ 
ductive; in others the aberrant sector, no. 482, produced a relatively 
lighter crop than the normal sector, no. 481. In the spring of 1933 it 
was noted that not only did many of the flower buds on sector 482 
fail to open, but on 1 of its branches (about 1)4 inches in diameter) 
very few were starting to open, wdiile practically all were opening on 
the normal sector, no. 481. Examination showed that the buds 
failing to open had been winter-killed. Here then, were tliree parts of 
a tree presenting markedly different amounts of winter-killing of 
flower buds. The limb showing the most serious winter-killing and 
growing out from sector 482, was propagated as selection 482A. Some 
frost injury occurred in this orchard a week or 10 days before the full- 
bloom stage, and when the blossom buds were in that stage of devel¬ 
opment, those on all three parts of the tree suffered about the same 
amount of injury, 25 to 30 percent being killed. Furthermore, ap¬ 
proximately tiie same percentage of the blossoms that survived winter 
and frost injury on the three parts of the tree set and matured fruit. 
The crops borne corresponded closely to the amounts of winter-killing 
of the flower buds—being heavy, moderate to light, and very light 
on sector 481, 482, and 482A, respectively. 

Following the low temperatures of February 1934, counts were 
made of large random samples of the flower buds from the three 
sectors of this tree. The percentages killed were 12.5, 42.5, and 67.7 
on parts 481, 482, and 482A, respectively. The killing on sector 481 
was not severe enough to reduce the cro]) appreciably; indeed, that 
sector actually matured a very heavy crop. Killing on sector 482 was 
enough to reduce the crop considerably, and that on limb 482A was 
enough to reduce it drastically. The 1934 yields actually produced 
were in line with what one would expect from the amounts of winter- 
killing of flower buds. 

Selection 159 

The whole-tree variant catalog as selection 159 is one of a large 
block of trees planted in 1905 near Sodus, Mich. It is thrifty, vigor¬ 
ous, and large enough to average 150 to 200 pounds of fruit per 
year. In no season during the 5 years tliat it has been under the 
author’s observation has it borne more than 25 pounds of fruit, though 
trees surrounding it have yielded heavily. The owner states that it 
has always been either light-cropping or semibarren. 

In March 1933, examination of flower buds from this tree showed 
that a largo percentage wxre dead (exact number not determined), 
though there had been practically no killing of those on surrounding 
trees. This, coupled with the fact that examination in early Novem¬ 
ber 1932 showed no dead flower buds and that the winter of 1932-33 

i;ii9i5—-6 




468 


Journal of Agricultural Research 


Vol. 60, no. 6 


had been comparatively mild, led to the belief that flower buds of 
this tree are especially susceptible to injury from winter cold. There 
was some spring frost injury in this orchard in 1933, averaging 30 
percent on the trees surrounding selection 159 and 71 percent on 
selection 159. Following the severe winter of 1933-34 this tree 
showed 59 percent winter-killing of flower buds, while surrounding 



Figure 6.- -A small reverting limb that is normally productive growing out as a lateral from a larger branch 

in semibarren selection 150. 


trees averaged only 21 percent. There was no spring frost injury in 
this orchard in 1934. 

It is evident from these data that the flower buds of selection 159 
are markedly more susceptible to injury from cold, both in midwinter 
when they are dormant and in late April when they are about ready 
to open and frost becomes a limiting factor, than are most Mont¬ 
morency cherry buds. Without question, the low productivity of 
this tree is in considerable part due to the tenderness of its flower 
buds, though it is likewise due in part to the poor setting of its bios- 
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soms, a matter that will be discussed later. It is significant that two 
small branches, perhaps half an inch in diameter, near the top of 
this old tree have shown a full return to normal productivity (figure 
5). No records have been obtained on blossom-bud killing or fruit 
setting on these branches, but presumably they are as hardy and the 
flowers set fruit as well as those on other Montmorency trees in this 
orchard. 

Selection 700 

As stated earlier (p. 461), the limb sport cataloged as no. 700 showed 
winter-killkig of flower buds amounting to 49 percent following the 
severe winter of 1933-“34, while the buds on the normal part of the 
tree (no, 701) showed only 12 percent killing. Here, again, suscepti¬ 
bility to injury from cold furnishes only part of the explanation of 
the near-barren condition of the sport. It is, nevertheless, a factor 
of considerable importance. 

LOW YIELDS DUE TO DELAYED WINTER-KILLING OF FLOWER BUDS 

In some instances the flower buds of the Montmorency cherry may 
he very resistant to low temperatures throughout the winter wdiile 
they are in a dormant condition, only to become very sensitive as 
giowth is resumed in early spring. This, however, is associated with 
very early spring freezing and probably is to be regarded as a delayed 
form of winter-killing rather than killing from spring frosts w^hich 
come later. 

Selections 698 and 699 

In the summer of 1933 a limb sport was found in an old Mont- 
moren(*y tree in the orchard of D. H. Metzger, at Traverse City, 
which was nearly barren. The main part of the tree was normally 
productive and <*arried a heavy crop. The twig growth, shoots, 
s|)urs, foliage, and fruits of the nearly barren branch appeared to be 
entirely normal, but the crop w’^as less than a tenth of what it should 
have been. Later examination showed that the spurs on this part 
of the tree produced the usual number of flower buds, and sections of 
these flower buds revealed no peculiarities of structure or develop¬ 
ment. Samples collected from both the sporting branch and the 
normally productive part of the tree on March 23, 1934, while they 
were still in a dormant condition, showed that 21 percent of the indi¬ 
vidual flower buds of the nearh’^ barren limb sport had been killed 
by the unusually low temperatures of the preceding wdnter, while 
only 5 percent of those on the productive part of the tree had been 
killed. This was a significant difference but not enough to account 
for the difference in productivity of the two parts of the tree. How¬ 
ever, when a check was made on May 14, 1934, several davs before 
the full-bloom stage, it was found that in 80 percent of the flower 
buds of the semibarren limb sport all of the individual flower buds 
had been killed, while the corresponding percentage for the normally 
productive part of the tree was 11. Furthermore, those buds on the 
limb sport from which flowem had emerged were producing only 1 
or at most 2 each, instead of the usual 2 to 4. Total delayed winter^ 
killing of individual flowers on this limb sport, therefore, amounted 
to at least 90 percent of those that had survived midwinter killing, 
whereas not more than 20 percent had succumbed on the main, normal 
part of the tree. However, as the season advanced, the developing 
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flower buds of this limb sport showed a resistance to low tempera¬ 
tures ecjual to that of the normal part of the tree, for a light frost on 
the morning of May 12 destroyed a slightly smaller percentage of the 
buds on this limb than on selection 699 or on surrounding trees. 
Examination showed that the buds on this semibarren limb sport 
paralleled in their difl’erentiation and development those on its nonnal 
parent tree, their tender early spring condition not being due to 
greater or lesser advancement. 

Selections 680 and 681 

A limb sport designated as selection 680, discovered in another 
orchard in the Traverse City section in 1933, closely resembles the 
semibarren no. 698, except that its blossoming season is about a week 
later and its maturing season about 2 weeks later than its parent 
form (No. 681). Examination of large random samples of its flower buds 
on March 23, 1934, failed to reveal a single dead om^ on the normally 
productive part of the parent tree. However, 76 percent of the flower 
buds of the semibarren limb sport succumbed to the delayed winter- 
killing that occurred later, while the corresponding percentage for 
the productive portion of the tree was 23. In this instance the owner 
of the orchard had observed tliis tree for many years and stated that 
the limb sport had never borne a full crop, while the remainder of 
the tree had been consistently productive. 

Selection 697 

A whole-tree variant of the same type as limb sports 680 and 69S 
was found in still another orchard near Traverse City in 1933. It 
was healthy, vigorous, well cared for, and of a size to produce a 
hundred-pound crop in 1933. Actually, it yielded about 3 pounds. 
Jt differentiates the usual number of flower buds, and examination 
revealed no peculiarities in their structure. Ninety-five percent of its 
individual flower buds survived the severe winter of 1933-34 (exam¬ 
ination of Mar. 23, 1934)—about the same percentage that survived 
on surrounding normally productive trees. A check made May 14, 
however, showed that in 71 percent of its flower buds all of the indi¬ 
vidual flowers had been killed before opening and apparently an e((ual 
percentage in the remainder that did open. The presumption is that 
this tree was accidentally propagated from a limb sport similar to 
selection 698. 

LOW YIELDS DUE TO SUSCEPTIBILITY OF BUDS OR FLOWERS TO FROST 

In the discussion of selection 159 (p. 457), attention was called to 
the fact that not only are the dormant flower buds of this tree mark¬ 
edly susceptible to low temperatures, but its opening flower buds 
are likewise more susceptible to frost injury than those of surrounding 
normal trees. The percentage of flower buds on this tree killed by 
frost in the spring of 1933 was 71, while the corresponding figure for 
a composite sample from the surrounding trees was 30. 

In early June 1932 the attention of the writer was called to two 
adjacent Montmorency cheriy trees in an orchard of several hundred 
trees of that variety on the farm of Abel Teichman, at Eau Claire. 
Each of the two trees had a height of about 17 feet and an equal or 
slightly greater spread. Destructive frosts had occurred in late April, 
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and there had been considerable frost injury in this particular orchard. 
Examination showed clearly that both of the two trees had blossomed 
heavily, but that one had suffered only slight injury to its blossoms 
while the other had suffered extensively. At harvest 185>^ pounds 
of fruit was picked from one tree (designated as selection 511), while 
the other (selection 512) yielded only pounds. Both trees made 
a reasonable amount of new growth in 1932, though selection 512 



FHiI RE C) -1, C, and K' PhotornitTojrraphs showing the November 9, Apiil 6, and April 29 stages of rep- 
resentatne flower buds of selection 611, a form whose blossom buds are resistant to spring frost injury; 
fi, />, and F photomicrographs .showing corresponding stages of selection 512, an adjoining tree \^hose 
blossom buds are very susceiitible to spring frost injury Bot n of the pistils in F and one of f hose in K were 
killed by a frost that occurred 3 days before the flowers were collected for sectioning A,B, C, ami D X 33 
E and F X 7. 

came through the season in better condition and with a much larger 
number of fruit buds because of the light crop that it carried. On 
April 25 and 26, 1933, low temperatures again occurred in south¬ 
western Michigan, and there was more or less frost injury to opening 
flower buds in the Eau Claire district. 

Counts made April 29 showed that 87 percent of the individual 
flower buds on tree 512 had been killed, while only 27 percent had been 
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killed on tree 511. The frost-resistant tree yielded 142 pounds of fruit 
in 1933, while the frost-susceptible tree yielded only 77 pounds. This 
difference in yield was mucli smaller than would be expected from the 
difference in frost injury to the blossom buds, principally because of 
the poorer budding (i. e., the development of smaller numbers of 
flower bu(ls) of the frost-resistant tree occasioned by its heavy crop¬ 
ping in 1932. Sections of random samples of the flower buds from 
these two trees collected in early November 1932, March 30, 1933, 
and of pistils collected at the time of the frost (fig. 6) showed no dif¬ 
ferences in size at any stage or in degree or rate of differentiation of 
flower parts. The flowers of both were at apparently identical stages 
of development when the injurious frosts occurred, thus indicating 
that the variations in hardiness could not be associated with anatomical 
differences. 

Two other whole-tree variants characterized by extreme suscepti¬ 
bility of their flower buds to spring frost may t)e mentioned here. 
Both are in the Crowley orchanl about 15 miles north of Traverse City. 
Though the site of the orchard is one where considerable frost injury 
is to be expected, the orchard as a whole has been moderately produc¬ 
tive, while these two trees have usually borne light crops. Flower 
buds are formed freely by both trees, and the fact that they sidfered 
little injury from temperatures ranging from —20° to 7*25° F. in 
February 1934, indicates that they are resistant to cold while in a dor¬ 
mant condition. However, after frosts occurring from May 10 to 14, 
not a single live flower bud could be found on tree 689, while the per¬ 
centage of flower-lcilling of a large composite sample from the four 
surrounding trees w^as 10. The other tree, no. 690, had 94 percent of 
its flower buds killed, while the four bordering trees had 11. Obviously, 
these are instances of extreme susceptibility to frost. The jiresumption 
is that all of these wdiole-trec variants are in reality bud sports, having 
been propagated from unrecognized limb variants of this kind. That 
such variants actually occur as limb sports is illustrated by station 
selection 602, a light-yielding limb in an 8- to 10-year-old tree in the 
orchard of D. 11. Metzger, near Traverse City. This tree has been 
under the author^s observation for several years. Records show that its 
low productivity (ranging from about a third to a half that of the 
normal part of the tree) is not due either to a noticeable susceptibility 
of its dormant flower l)uds to low midwinter temperatures or of its 
swelling flovrer buds to the delayed or late tvpe of winter-killing. 
On the other hand, its flower buds are relatively veiy susceptible to 
killing by late spring frosts. Thus, a series of frosts occurring between 
May 10 and May 14 in 1934, which killed 27 percent of the blossom 
buds on the normal part of the tree (selection 601) and about the same 
percentage on surrounding trees, destroyed 72 percent of the flower 
buds on this limb sport. 

LOW YIELDS DUE TO POOR SETTING OF FRUIT 

Earlier in the iiaper (p. 457) attention was called to the fact that in 
the case of some of the barren or nearly barren citrus fruits and sweet 
cherries that have been described, the failure to produce fruit was 
associated either with anatomically defective flowers or with the 
inability of apparently normal flowers to set fruit. A number of barren 
and li^nt-producing forms of the Montmorency cherry due to the 
latter factor have been encountered in this study. 
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Selectiont 676 

In the suininer of 1933 in the orchard of F. E. Broesch at Traverse 
City a tree was found about two-thirds of which was bearinj^ a normal 
crop of fruit* One large limb, in vegetative characters indistinguish¬ 
able from the rest of the tree, was almost barren, and the few fruits 
that it produced were of only about two-thirds the usual Montmorency 
size. The flower buds on this limb (selection 676) were examined from 
time to time and found to be differentiating and developing their parts 
in the usual manner. In the spring of 1934 tliis limb produced a very 
heavy crop of blossoms, which, however, were only about two-tliirds 
as large as those on the normal part of the tree. Otherwise, they ap¬ 
peared entirely normal. There was no frost injury to the blossoms on 
this tree in 1934. Fruit setting on this limb, as determined from a 
large random sample of flowers, amounted to only 0.7 percent, while 
that on the remainder of the tree w as 12 percent. At harvest time in 
1934 the tree presented essentially the same picture that it had in 1933. 

Selections 634, 635, and 636 

In Juno 1933 in one of the so-called ^‘Corporation^’ orchards at 
South Haven, Mich., a tree was noted in which one sector was bearing 
a heavy crop, another sector a very light crop, and a third sector was 
completely barren. The first sector, which constituted perhaps a 
third of the top, yielded I6J4 pounds of fruit; the second sector, which 
constituted nearly tw^o-thirds of the to]), yielded 2% pounds; the barren 
part consisted of a single limb only about 1 inch in diameter. These 
sectors were cataloged as selections 634, 635, and 636, respectively. 
Periodical examinations between the harvest season of 1933 and blos¬ 
soming in 1934 showed that flower-bud differentiation proceeded in a 
normal manner in all three parts of the tree. There was practically no 
winter-killing of flower buds on any of the branches, and there was no 
spring frost injury to the blossoms. All three j)arts blossomed heavily 
in 1934, and the blossoms appeared entirely normal. Fruit setting on 
the three sectors, as determined from large random samples of the 
blossoms (S64, 606, and 1,348), amounted to 42, 33, and 0.5 percent, 
respectively. Sector 634 yielded 56 pounds, sector 635 yielded 20 
pounds, and sector 636 yielded only a few" fruits. Here is an instance 
of three distinct conditions of fruitfulness in a single tree, occasioned 
by differences in the ability of the flow^ers to set fruit, comparable in a 
way to tlie tree yielding selections 481, 482, and 482A, which presents 
three different conditions of hardiness of flower buds to winter cold. 

Selection 160 A 

In the spring of 1923 three farmers near Eau Claire, (A. H., Albert, 
and William Prillwitz) purchased stock for commercial plantings of 
the Montmorency cherry from a single nursery. When the trees 
reached bearing age, 2 out of a total of 110 in one orchard proved to 
be barren, 7 in another, and 20 in the third. The other trees in the 
three orchards have been normally productive. Though most of these 
barren trees have been cut down within the past 2 years, several have 
been retained as curiosities. Field observations indicate that all 
29 barren trees were of the same type (designated as selection 160A)— 
vigorous, thrifty growers, producing round or roundish upright tops 
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and characterized by rather coarse, stiff, thick shoots and exception¬ 
ally large flower buds. The trees bloom profusely each spring. 
Sections of flower buds collected in late fall and again in early spring, 
and sections of the pistils just before the opening of the flowers and 
again at full bloom indicate an entirely normal procedure in the 
differentiation and development of the several part? of the flower. 
At blossoming time the trees give every promise of maturing a full 
crop. The blossoms, however, fail to set fruit, practically all of them 
having abscised within a week or 10 days after petal fall. Fruit setting, 
as determined from counts of large random samples of blossoms, has 
in each of the past 3 years fallen short of 1 percent. Each of these 
trees may mature 2, 3, or even 100 fruits, which appear to be typical 
Montmorcncies, but the trees may be considered as practically barren. 

Selection 365 

For 0 or 8 years 1 Montmorency cherry tree growing in one of the 
Corporation orchards at South Haven, has attracted attention because 
of its late-blossoming and late-maturing habit. It reaches the full- 
bloom stage from 3 days to a week later than surrounding trees and 
it matures its fruit on an average about 2 weeks later than normal. 
It has never yielded a satisfactory crop for a tree of its size, though in 
1930, when there was more or less of a crop failure in the whole 
orchard on account of spring frost injury, it produced W/a pounds, 
as compared with an average of 7)2 pounds for the entire blo(‘k of 190 
trees. In 1931, when the average yield in the orchard was 66 pounds 
to the tree, this particular tree bore no fruit (due largely to frost 
injury). In 1932 it produced 21 pounds, as compared with an average 
for the orchard of 57; in 1933 it bore just 18 cherries, as compared 
with an average of 22 pounds; and in 1934 it bore 14 potinds, as 
compared with an average of 109 pounds. Each year it has blossomed 
profusely, so that yields of at least 50 pounds might reasonably be 
expected. Records of fruit setting were obtained for each of the 190 
trees in this particular block in 1932, 1933, and 1934. For this tree 
the percentages of the blossoms setting fruit in the 3 years, were 1, 
practically 0, and slightly less than 2, while the averages for the entire 
orchard were 10, 13, and 24. Obviously, the tree is not barren to the 
same extreme degree as limb sports 676, 636, or selection 160A, but 
it is only slightly more fruitful. 

Presumably, both selections 160A and 365, which occurred as 
whole-tree variants when discovered in the course of this study, 
originated as chance limb sports such as 676 and 636, and were acci¬ 
dentally propagated. 

Selections 516 and 517 

In the summer of 1932 it was noted that two parts of a small tree 
in one of the Corporation orchards at South Haven were bearing 
verv unevenly. Harvest records showed that one side (selection 516) 
yielded 22 pounds, while the other (selection 517) which had about 
the same bearing area yielded only 13 pounds. In the spring of 1933 
rather severe killing of flower buds by frosts occurred on the nights 
of April 25 and 26. The percentages killed on the two parts of the 
tree were 68 and 87, respectively, indicating distinctly greater resist¬ 
ance to frost in selection 516, which had produced the heavier yield 



Mar. 1 ,1035 Study of Unproductive Sports of the Montmorency Cherry 475 


the preceding year. Fruit setting on the two parts of the tree in 1933, 
as aetermined from large random samples of uninjured blossoms, 
amounted to 9 and 1.4 percent, resjiectively, and the subsequent 
yields were 1% and % pounds. Practically no winter injurjr to the 
flower buds of either part was occasioned by the severe winter of 
1933-34, and there was no frost injury in the spring of 1934. Fruit 
setting on the two parts of the tree amounted to 35 and 8 percent, 



Ki(jri{E 7 Representative fruiting branches of selections .517 {A) and 516 {h) m p of 1934, \Ahen fruit 
setting on the two parts of the tree amounted to 8 and 35 iiercent, resiiectivelj 

respectively, and the subsequent yields were 29 and 10 pounds. 
Figure 7 shows representative fruiting branches from the two halves 
of the tree. 

Selections 645, 674, 679, and 686 

In the course of this study a considerable number of whole-tree 
variants, more or less closely resembling limb sport no. 517 or inter¬ 
mediate between it and no. 160A, have been studied. Among these 
may be inentioned selections 645, 674, 679, and 686. 

Selection 645 is a whole-tree variant in the orchard of George 
Humphrey at Coloma. When first brought to the writer^s attention 
in 1933 it was almost barren, though surrounding trees were heavily 
loaded. The owner stated that ever since the orchard had reached 
bearing age, this tree, though blooming profusely each spring, had 
failed to yield a satisfactory crop. In 1934, fruit setting, as deter¬ 
mined from a random sample of 883 flowers, amounted to 2 percent, 
while records for surrounding normal trees showed a 25-percent set 
of fruit. The fruit on this tree and its vegetative characters are 
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unquestionably those of the Montmorency. This is mentioned be¬ 
cause of the fact that hand-pollination of a number of the blossoms 
on this tree with pollen of the Windsor, a sweet cherry variety, yielded 
a good set of fruit, such as one would expect when using sweet cherry 
pollen on the blossoms of some variety of the Duke group. 

Selection 674 is a whole-tree variant in the orchard of Ralph 
Rider at Shelby. In 1933 it bore onlv a very light crop, though 
surrounding trees of the same age were bearing heavy crops. In tne 
spring of 1934 it blossomed heavily; the blossoins appeared to be 
normal in every respect, and there was no frost injury in the orchard. 
Two percent of its blossoms matured fruit while the corresponding 
percentage on a large composite sample from surrounding trees was 30. 
The owner was unable to fumish information as to the previous 
behavior of this tree. 

Selections 679 and 686, located in the Gore orchard at Traverse 
City, could be described in practically the same terms as selection 674, 
except that the owner had observed for years that these particular 
trees had been consistently light producers. In 1934, fruit setting, 
as determined from random samples of 779 and 1,106 flowers, respec¬ 
tively, amounted to 7 and 2 percent. 

Otheu Instances 

Though many other records have been obtained of both limb and 
whole-tree variants in the Montmorency cherry cliaractcrized by 
fruit setting that is below normal and resulting in light bearing or in 
a more or less barren condition, enough have been cited to show at 
least that they are not rare. Attention should be called, however, 
to the fact that a number of the variants that are unproductive 
primarily because of limited flower bud formation, or susceptibility 
of flower buds to winter cold or to spring frost, are likewise char¬ 
acterized by poor fruit setting. Thus, selection 159, cited earlier 
in this paper as having flower buds especially susceptible to winter 
cold, matured fruits from only 6 percent of its flowers in both 1933 
and 1934, while the corresponding set on the four surrounding trees 
was 21 and 22 percent, respectively, and in 1934 the set on one small 
‘^reverted'' branch on tree 159 was 23 percent. The percentage of 
blossoms setting fruit on selection 194, a semibarren limb sport 
characterized by a very small number of flower buds to the spur, 
were 29 and 27, respectively, in 1933 and 1934, while tJie corresponding 
percentages on the normally productive part of the tree were 35 and 43. 
Selection 703, a limb variant in the orchard of John Stanek, Traverse 
City, similarly characterized by fruit spurs bearing few flower buds, 
matured fruit from 2 percent of its blossoms in 1934, while the corre¬ 
sponding percentage on the more normal part of the tree was 34. 
Selection 680, a limb sport in the Gore orchard, Traverse City, char¬ 
acterized by delayed winter-killing of its flower buds, matured fruit 
from only 6 percent of its blossoms in 1934, while the corresponding 
percentage for the remainder of the tree was 11. 

Study of the whole mass of records obtained during the past 5 
years relating to various aspects of the problem of low productivity 
m the Montmorency cherry leads to the belief that to the extent that 
light cropping is due to bud variation, it results more frequently 
from poor setting of the blossoms than from any one or even all of 
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the other factors that have been discussed in this paper. Further¬ 
more, the records show that in a considerable number of instances 
where low productivity is duo primarily to one of these other factors, 
poor setting is an associated or contributing factor. In a relatively 
large number of instances poor setting alone seems to be responsible 
for subnormal yields. 

DISCUSSION 

The worthlessness, conunercially, of strains like selections 152, 
159, 680, 697, 160A, and 365, that for one reason or another are 
practically barren, is obvious. Of far greater importance, because 
less easily recognized, are the relatively unproductive variants, such 
as selections 629, 700, 262, 512, and 517. Though each season the 
grower may note that some trees in his orchard are bearing only 
light crops, he does not mark them and does not realize that many 
are consistently and regularly light producers. He believes that 
they are simply alternating between heavy and light cropping, as is 
so commonly the case with apples. Indeed, many of these light- 
liroducing variants, especially those whose low yields are associated 
with susceptibility of flower buds or flowers to winter cold or spring 
frost, may bear normally some seasons, though on the whole they are 
unproductive. The result is that they are not recognized for what 
they are and average yields are reduced accordingly. 

SUMMARY 

A number of sports of the Montmorency cherry that result in 
yields ranging from substantial reductions from the normal to an 
almost com])letely barren condition are described. 

They are classified as follows: (1) Those failing to form any flow'er 
buds visible to the naked eye in positions wdiere flower buds are usually 
difl'erentiated; (2) those on which leaf buds occur in positions where 
flower buds are ordinarily formed; (3) those showing marked sus¬ 
ceptibility of flower buds to injury from low temperature while in a 
dormant condition; (4) those showing marked susceptibility to injury 
from less severe temperatures while in delayed dormant or early 
post-dormant condition; (5) those showing marked susceptibility of 
flower buds or opening flowers to spring frost, and (6) those char¬ 
acterized by poor fruit setting. 

All these departures from type occur as limb sports or as whole-tree 
variants, the latter presumably originating as limb variants. 

From a commercial standpoint, unproductive variants in this 
variety due to poor fruit setting are more important than those due 
to other factors. 

There is a rather marked tendency for variants that are unpro¬ 
ductive because of one of these six factors to have their yields reduced 
still further by one or another of the other fa,ctors. 

Variants producing light yields are more important commercially 
than those that are almost barren, because they are less easily 
recognized. 
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INTRODUCTION 

Many arc the interrelations between the insects involved in the 
decay and disintegration of animal carcasses. When an animal dies, 
if weatlier conditions are favorable Idowflies arc attracted immedi¬ 
ately, and they deposit their e^^s or young larvae, usually in the 
natural orifices. Ants may begin at once to carry away the newly 
deposited fly eggs, and later they will attack the larvae in the carcass. 
After fly larvae are j)resent, beetles appear, and their numbers 
increase steadily. Some species of these beetles deposit eggs from 
Avhi(‘h develo[) larvae that fet'd upon hide, hoofs, and horns; other 
sj^tu ies ])roduce larvae that prey upon blowfly maggots, and some feed 
up<»n both carcass and maggots. The adults of nearly all the snecies 
of beetles that frecpient carrion feed ii^xm immature stages oi flies, 
some o(*(*asionally, others almost exclusively. 

There are, in addition, species of Hymenoptera that fly to the car¬ 
cass and parasitize the blowfly larvae, the young parasite developing 
within the maggot until finally the fly larva, which in the meantime 
has transformed into a pupa, is completely ccmsumed. When a para¬ 
sitized maggot is attacked by a beetle or a beetle larva, both para¬ 
site and fly larvae are destroyed. After the carrion is consumed and 
the blowfly larvae have reached maturity, most of them migrate from 
th<». carcass and pupate in the soil in some favorable place a few 
feet or yards away. Many of these migi’ating maggots carry within 
tliem tlie developing young of their parasites, and even as they 
migrate they are further attacked by jiarasites and predators. Those 
maggots that remain and pupate unprotected within the carcass are 
often victims of Hymenoptera which parasitize dipterous pupae. 

Other less important predators attack the blowflies in the adult 
stage. These predators usualW pr#y on other insects as well as on 
flies. 

FACTORS AFFECTING THE INSECTS 

Many factors which are at work during these processes affect the 
blowflies and associated insects. The carcass may be consumed 
entirely or in part by various mammals or vultures, or it may be 
buried or burned. Total destruction of course ends the fly problem 
immediately, while partial destruction proportionately reduces the 

1 Recoivod for puWlcatlon Jan. 3, 1935; lamied May, 1935. 

“The InveHtigatloiiH of paraeltoH and prodatora of blowdlea were carried out at Uvalde, 
Tex. The data cou<y»rninsr the d'stribution of Algsia and Psilodora in California and 
Arizona were taken from records made by I). C. I'annan. Diatribution notes were also 
made on y'rlroriM and New Mexico species by A. W. Lindquist. The author is indebted to 
the following speclnllsta for the determination of specimens: Hymenoptera, A. B, Oahau, 
(\ F, W. Mueseheck, L. H. Weld; Dlptera, Saroeophaga^ David G. Hall. The drawings 
were made hy Miss Claude lie Lewis. _ 
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number of flies involved. Birds or other animals may also pick out 
all or a portion of the insects. 

Climatic conditions act from the very beginning to influence the 
insect complex at the carcass. An animal dying in warm weather 
may be covered wdth fly blows before death, whereas at lower temper¬ 
atures oviposition may be retarded for several hours or even for an 
indefinite period. Conditions that permit one siiecies to oviposit 
may deter another. Very dry weather, particularly hot, dry winds, 
will lower the percentage of eggs that hatch. In southern Texas, 
during the summer months, sun scald is an important factor in 
causing the death of larvae in exposed carcassi's. 

The species of Diptera that develop in a carcass vary with the 
locality, season, size of carcass, and many other fat*tors. Tempera¬ 
tures within the carcass influence differently the oviposition of va¬ 
rious species. Often one species of fly, usually tlie dominant one of 
the season, is present in large carcasses almost to the exclusion of 
other flies, while in smaller carcasses a different sjieides may be 
predominant. Competition occurs l)etween the larvae of blowfly 
species, particularly in small carcas.ses; however, the r(‘sults of some 
environmental or other factors should not b<'. miscionstrued as com- 
jietition between species. There is a sequence in the infestation of a 
(carcass by the different species of flies, but this is extremely variable. 
The observations of a distinct sequence frequently mentioned in lit¬ 
erature have probably been based, to some extent, on the marked 
differences in time of emergence of the various species from pupae 
formed in the same carcass. 

Physiological, bacteriological, and chemical conditions develo]) 
within the carrion which may hasten or retard the development of 
one or many siiecies of insects. 

Eggs, larvae, and pupae of the flies may 1)6 attacked by parasites 
or predators which may destroy them immediately or ultimately. 
A predator that destroys a fly larva early in the destruction of a car¬ 
cass may merely make room for the development of another larva, 
and if a parasite has oviposited in a maggot that is later destroyed 
by a predator, the egg is wasted. 

Despite the combined action of all these influences, some blowfly 
larvae mature and migrate. The number, however, is variable, and 
some factor or combination of factors may decrease the numlier of 
maggots rnaturing or the number of one particular species. 

The writer believes that the most important influences on the de¬ 
velopment of blowflies in large carcasses, in the order of their im¬ 
portance, are: The destruction of the carrion bv man or animals, 
environmental and physiological conditions, the destruction of mag¬ 
gots by parasites and predators, and the competition between the 
species of Diptera. In the case of small carcasses all these factors 
are operative, with the insect predators and parasites more effective 
than in large carcasses. 

EXPERIMENTAL METHODS 

In making tests with blowfly parasites, particularly with those 
brought to Uvalde from other localities, it was necessary to keep 
the insects in close confinement. As none of these imported para- 
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sites were released, field observations could not be made ujjon them 
under Uvalde conditions. In studying developmental periods and 
host preferences, parasites were placed in pint mason jars on meat 
infested with blowfly larvae. The jars contained 2 inches of sand in 
which the larvae could pupate, and were capped with 60-mesh brass 
strainer cloth. All experiments were conducted in a flyproof in¬ 
sectary to prevent infestation of the meat by other species of flies. 
Unless otherwise stated, the parasites were confined with the fly 
larvae, and it should be kept in mind that such experiments, partic¬ 
ularly the host tests, were made under laboratory conditions. 

For the status tests for blowfly parasites and predators, 4-ounce 
meat baits in pint mason jars were exposed in the field. Upon pu- 
jiation of the infested larvae, the jars were capped and brought to 
the insectary. 

A distinction is made in this paper as to size of carcasses. Large 
carcasses, such as those of cattle, horses, and even goats, are seldom, 
HO far as known, frequented by j)arasiteK of blowflies, but around 
them are thousands of predatory beetles and ants that continually 
tleplete the number of fly larvae. Small carcasses, such as those of 
rabbits, turtles, and armadillos, are frequented by many parasites 
and predators. The very small carcasses such as birds and fishes 
produce the largest percentage of infestation by fly parasites. 

SOME INSECTS THAT FEED ON BLOWFLIES 

There is given here a list of the insects that have been observed 
at the Uvalde laboratory to prey on blowflies, though not all of 
them are of great economic importance in relation to the blowflies. 

HYMENOPTEHA 


Lan^al iniraaltes 

Braconidae 

AJyftia ridihvnd^i Say 
Alyftia fosfiuldta (Prov.) 
(^vuipidae 

Philodora sp. 

Xyalosema armata (Say) 
Xyalosema sp. 

(Mialcldldae 

Brachymeria fonncolmnhei (Du- 
four) 

Eniaca texana Ashm. 


Pupal parasites 

Braconidae 

Aphaereta niuseac Ashm. 
Diapriidae 

Trichopria hirticollis Ashm. 
Pteromalidae 

Momwniella I'itripennis (Walk.) 


ALYSIA RIDIBUNDA SAY 

The parasite described by Say (//, p. 55(9)* in 1828 as 
ridtbunda (fig. 1) belongs in the family Braconidae and subfamily 
Alysiinae. There is considerable difference in the sizes of the adults, 
as they range from 5 to 9 mm in length. The body is yellowLsh 
red, head black, the wings blackish brown, and the legs blackish. 
The ovipositor is exserted. 

Distribution 

As indicated by specimens in the United States National Museum 
Alysia ridibwnda is rather widely distributed, specimens being la- 


^ Reference lu made by number (italic) to Literature Cited, p. 404. 
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beled as from New York, Maryland, Virginia, North Carolina, 
Florida, Michigan, Indiana, Illinois, Kansas, Texas, New Mexico, 
and Arizona. The insect has not been found at Uvalde, Tex., but 
a heavily populated area was found in Arizona (Pima, Pinal, 
Cochise, Santa Cruz, Graham, and Greenlee Counties) and another 
in New Mexico (Socorro, Luna, and Dona Ana (dainties). I>om 
1930 to 1933 this parasite was not collected elsewhere in Arizona 
or New Mexico. During the same period it vras not found in col¬ 
lections from Texas, California, Arkansas, Kansas, Louisiana, Mis¬ 
sissippi, Georgia, North Carolina, or Florida, although an extensive 
search was made. 



Figure 1.—Adult fpinale of Alpata ridibunda Say. X 8. 


Habits 

The habits of AJysiu ridibunda have been studied only under lab¬ 
oratory environment. The insect breeds readily in confinement, if 
tended properly, and, generally speaking, develops uniformly by 
broods. The progeny obtained from material collected in 1931 para¬ 
sitized fly larvae an^ developed an overwintering generation which, 
upon emergence in the spring of 1932, produced another generation. 

Adults of this species kept in confinement at an average daily 
mean temperature of 85° F. and furnished with such foods as honey, 
meat, and fruit lived from 3 to 7 days. It is probable that the life 
of the adults could be lengthened considerably by keeping them 
under more natural conditions and at lower temperatures. 

The females mate as early as the day of their emergence, and they 
may be placed either upon meat containing various stages of blow¬ 
fly larvae or directly upon mature larvae that have migrated after 
feeding. The long ovipositor is thrust into any portion of the body 
of the fly maggot. Ordinarily only one egg is deposited at a single 
insertion of the ovipositor. ’ Usu^y the parasite stands direc*tly 
above the larva, the tip of the ovipositor being forced downward and 
at the same time forward between the parasite’s legs. 
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I>BVEn.aPMENTAL PERIOD 

Eggs of Al^sia ridihvmda hatch in 24 hours at 80° F. Frequently 
under conditions of confinement as many as 10 parasite eggs may be 
I>laml in one host larva. On the second day following hatching 
there is a marked variation in size of the parasites within each in¬ 
dividual host. Nearly always one parasite develops much faster than 
the others. At the end of 7 days, ordinarily only one parasite re¬ 
mains alive in each host, though in a few instances two have been 
found. In no case, however, did more than one parasite complete 
development in a host. The supernumerary parasites die in the first 
instar. At 80° pui)ation takes place about the twentieth day, and 
the adults emerge about 7 days later. The parasitized host larva 
forms its puparmm at the conclusion of the feeding period, after 
which the jiarasite completes its develojiment. The latter then 
pupates within the jiuparium and lies with its head directed toward 
the anterior end of the puparium. The adult ])arasite later emerges 
by cutting through this end of the pujiarium. 

During 1931 and 1982 about 800 specimens of Alysia ridihunda 
wen* reared in the laboratory insectary. The earliest emergence from 
overwintering specimens was on March 19. The last oviposition oc¬ 
curred November 22. All material obtained during November over¬ 
wintered as larvae or pupae in host pupae of CaJUphora coloi adeiwis 
Hough, Sarcophaya pUnthopyya Wied., or S, misera var. sarracen- 
ioldis Aid. In January and early February, at Uvalde, A. ridihuruia 
was found hibernating as mature larvae or prepupae. By February 
25 they had transformed to the i)upal stage. 

In tlu‘ summer br(K)ds the shortest developmental period, from 
egg to adult, was 20 days, the longest 45 days. The average de- 
velo[)mental period at an average daily mean of 7()° to 80° F. was 
27 days, but the average period increasetl to 45 days when the tem¬ 
perature was GG° to 70°. The overwintering individuals required an 
average of 151 days for development, with extremes of 121 and 174 
daj^s. 

Hosts 

Alysia rUlihmula was reared in the laboratory from the following 
species of flies: {<arcoj}ha.ya plinthopyga^ mhera var. sarracea- 
ioides. Lucilia seHcata Meig., i. unicolor Towns., Calliphora colo- 
radensis Hough, and Syrithcsioviyia nudiseta v. d. W. Attempts to 
rear the parasite in Ophyra leueostoma Wied. and Cochliomyia ma- 
cidlaria Fab. were unsuccessful. Twenty-four tests were conducted 
to determine from which species of flies the parasite could be reared. 
Tliese tests were conducted as follows: In each test the progeny of a 
single female fly or the combined progenies of several females of the 
same species were placed on meat, and while feeding were exposed 
in a cage containing several mated pairs of A. riathunda. After 
the fly larvae had matured they were allowed to pupate in sand and 
from these the emergence of blowflies and parasites was re*corded. 
The results of the tests of hosts of A. ridihunda are given in table 1. 
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Table 1. —Emergence of Alaska ridilmnUa from blowfly hosts at Uralde, Tea?., 

193/^2 


Host 

Total 

tests 

8uc5cess- 

ful 

tests 

Average 
adult 
parasites 
per test 

Emergence 

Total 

Blow¬ 

flies 

Parasites 

Sarcophaga __ . .. 

Calliphora coloradenais.. .- 

Lucilia sericata .- 

Lucilia unicolor _ - . 

Synthesiomyia nudUteta . 

Coehliomgia macellaria ... 

Vphyra leucoatomo 

Number 

14 

1 

2 

2 

3 

1 

Number 

7 

2 

1 

Number 

31 

37 

8 

1 

1 

Number 

346 

91 

81 

25 

224 

Number 

131 

54 

66 

24 

223 

Number 

215 

37 

15 

1 

Percent 

62 

41 

19 

4 

.4 

Total or average_ - 







24 

12 

22 

767 

498 

269 

35 


Alysla ridihunda strongly resembles Bmcliynieria fomcolomhei in 
its host preferences, being distinctly partial to Sat*cophaga^ bre>eding 
readily in CalUplm^a^ to a less extent in Lnc'dui^ and very rarely in 
CochUomyia, 

ALYSIA FOSSULATA (PROV.) 

Provancher (5, 391) based his description of Alymi fossulata 

on a specimen from Los Angeles, Calif. The adult is about 5 mm 
in len^h, with the head, thorax, and abdomen black and the legs 
brown. The wings are transparent but with a slightly brownish cast. 
The ovipositor does not extend beyond the apex of the abdomen. 

Disthtbution 

Specimens in the United States National Museum, together with 
Provancher’s record and the writer’s recent status work, indicate that 
the species is present in the low valleys of the coastal area of Cali¬ 
fornia. This area extends from Alameda and Santa Clara Counties 
through Monterey County. In the Salinas Valley of Monterey 
County the parasite was abundant during 1932. Specimens were 
collected also in Los Angeles County. 

Deiv’ei^pmental Perioi> 

At Uvalde, Tex., adults of Alynui fossulata reared in the laboratory 
from material collected in Salinas, Calif., were very active and read¬ 
ily attacked blowfly maggots. Fly larvae were parasitized from No¬ 
vember 6 to December 1, 1932, and another generation of 33 para¬ 
sites was obtained. They did not appear to hibernate during cold 
weather, for they emerged between January 16 and February 18, 
1933. The average developmental period was 80 days with extremes 
of 71 to 101 days. One lot was reared from Sarcophaga plvnthopyga^ 
one lot from Luedm sp., and two lots from mixed species of blow¬ 
flies. Adults of the second-generation parasites lived from 5 to 17 
days, unprotected, through a minimum temperature of 14® F. The 
females attacked blowfly maggots, and oviposition apparently oc¬ 
curred, but no progeny survived. 
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PSILODORA SP. (7 Pailodwa rufoeincta Kieffer) 

The genus P»!lodora belongs in the family Cynipidae, subfamily 
Eucoilinae. In the Uvalde laboratory collection there are specimens 
of the species studied that range in length from 2.5 to 5 mm. The 
color of the head and body appears to be black but upon closer 
examination is found to have a brownish cast; the legs are reddish 
brown; the antennae are dark brown, those of the female 13-jointed 



(fig. 2), subfiliforni, nubescent, those of the male 15-jointed, filiform, 
lightly pubescent; tlie scutel has a cuplike elevation anove; the 
abdomen has a hairy girdle at the'base. 

Distbibution 

This species is confined to the western part of the United States. 
It was found most abundant throughout Arizona and New Mexico, 
and to a lesser extent in (California (Riverside, Imperial, Kern, 
Monterey, San Benito, and Santa Clara Counties), Kansas (Pratt 
and Sedgwick Counties), and Texas (Dallas, Uvalde, and the Pan¬ 
handle counties). L. H. Weld has observed and collected tliis species 
at Oregon Caves, Oreg. Tliis is the most northern record; Dallas, 
Tex., the most eastern, and Uvalde, Tex., the most southern, in 
the writer’s notes. 
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Habits 

Psilodora sp. has been recorded frequently as a parasite of mag¬ 
gots breeding in cow dung. The adult of this species has been 
observed to enter the fresh dung and seek out the maggots, return¬ 
ing to the outside when its work was finished. There is no doubt, 
however, that under natural conditions this species also infests 
carrion-breeding maggots, as it has been reared hiindieds of times 
from blowfly larvae in field exposures. The female parasite attacks 
the larva oi the fly, piercing the body wall at any point with her 
ovipositor and placing one or more eggs in the coelomic cavity. 
Although all these eggs may hatch, only one i)arasite completes 
development. Numerous parasitized pupae have been j)ut in indi¬ 
vidual glass vials, but not more than one parasite has ever emerged 
from a single host. 

The adults will male as early as the day of emergence, and about 
20 seconds may be consumed in the process of mating. The male 
will continue to (^ourt the female, but is repulsed repeatedly. The 
female begins oviposition the day of emergence if host larvae are 
available. 

Parthenogenetic reproduction w^as demonstrated in three tests 
in which unmated females that emerged in individual glass a ials 
were placed in jars containing blowfly larvae. These larvae, when 
reared, produced a total of 28 Psilodora^ sp., all males. The aver¬ 
age development period of 85 days was normal for the parasite. 

Adults of Psilodom sp. in confinement at an average daily mean 
temperature of 82° F. (extremes 68° to 99°), when given no food or 
water, lived for an average of 5 days with an extreme of 10 days. 
When furnished with such food as bananas, figs, or honey, the aver¬ 
age longevity w^as extended to 8 days with an extreme of 18 days. 
The adult life is probably longer under natural conditions and at 
lower temperatures. 

I )KVELOPM KNTAl. PKRIOI) 

In laboratory tests in 1981 and 1982, 799 Psilodora sp. were reared. 
It is evident from data obtained that this species has a longer de¬ 
velopmental period than Alysia ridthmula or Brachyvwria fonsro- 
Imnhei, The overwintering individuals go into hibernation at higher 
temperatures and remain thus for a longer period; and in the sum¬ 
mer broods the developmental |xu‘iod w^as extremely variable. There 
is a tendency for some indiAuduals to remain for long i)eriods in the 
pupal stage. An example of these variabilities is shown by a grouj) 
of larvae parasitized late in August 1981; from these a number of 
Psilodora emerged, beginning the twenty-eighth day and continuing 
to the eighty-first day; the remainder of the brood overwintered, 
some not emerging until 225 days after oviposition. However, in 
spite of this, Psilodora is easily handled and is well adapted for rear¬ 
ing by artificial means. 

The earliest eniergence of Psilodora was recorded for March 2, and 
the latest oviposition November 22, The records include only broods 
resulting from ovipositions between March 81 and September 18. 
The extremes of the developmental periods of the summer broods 
were 27 and 81 days; and for the overwintering parasites, 112 and 
226 days. The average developmental period from egg to adult at 
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an average daily mean temperature of 71® to 75® F., was 50 days; 
at from 76® to 80®, 48 days; and from 81® to 85°, 34 days. Over- 
winterinfij material kept at an average daily mean temperature of 
from 61® to 65° (minimum, 21°) required an average of 195 days 
for development. 

Psilodora sp. hibernated in 1982 during December, January, and 

S irt of February as mature larvae or prepupae in the host pilparia. 

y February 25 the parasite pupae were well develoxied. Hosts for 
overwintering FsUoaom were Synthesiomyia nudueta^ Sarcoplmga 
fUnthopyga^ and Coohliom<gia maeellaria. 

Hosts 

Tliirty lots of blowflies were exposed to Psilodora sp. under labora¬ 
tory (’onditions and ])arasitos were reared from the following: 
rophaga plinfhopyga^ S, mi sera var. savr<wenioides^ S. hnllata Park., 
aS". peduncufata Hall, LucUia sericata^ CochJiomyia mmellarla^ Syn- 
thesiomyla nudiseta. and Ophyra leiwosfoma. The results of the 
tests of hosts for Psilodora sp. are given in table 2. 

TAiu.iD 2.—Emergence of Psilodora sp. from hlouily hosts at Uraldc, Tex., 
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Syntht»mmy\tt nudiseta . 

2 

2 

75 

2tU 

5^ 
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72 

Snrcophaga ... . 

11 

5 

21 
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50 

105 
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7 

6 

45 
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271 

52 

Cochhomyia macelfaria .... 

7 

4 

6 
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22 

10 
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1 

75 
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1 
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30 

18 

31 

M81 

0.31 
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47 


Tlie greatest number of positive tests was made with LucUia seri- 
raia, and 45 parasites per test were obtained, as compared with 21 
parasites per test of Sarcophoga and 31 for an average of all tests. 
Apparentl}’^ VochHomyia> maeellarin is capable of acting as a host 
in spite of its short life cycle and the long developmental period 
of Psilodora. Four out of eleven tests with this blowfly were 
successful. 

XYALOSEMA ARMATA (SAY) 

XyaJosema aniuita is a member of the family Cynipidae, sub¬ 
family Figitinae. The adult insect is 3,5 to 5.5 mm long. The body 
and head are black with a brownish cast; the antennae are brown 
except the first segment, which is black; the legs are reddish brown. 
The antennae in the female are 13-jointed, subfiliform; in the male, 
14-jointed, filiform. The scutel ends in a spine. 

Distribution 

Xyalosema arrrmta is of eastern and middle-western distribution. 
The writer’s collection contains specimens from the following States: 
Kansas (Pratt, Kingman, Sedgwdek, and Sumner Counties), Okla¬ 
homa (Grants Garfield, and Stephena Counties), Texas (Delta 
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County), Louisiana (Webster Parish), Mississippi (Grenada 
County), Arkansas (Hempstead, Pulaski, St. Francis, and Crittenden 
Counties), Illinois (Knox, Henry, Mercer, and Warren Counties), 
and Florida (Orange County). It is listed ainon^ the Hymenoptera 
of Connecticut {1:^) and is found no doubt, over all the Eastern 
States. Its western limits are probably Pratt and the adjoining 
counties of central Kansas. 

Habits 

While tills species breeds freely in blowfly larvae and was reared 
(*asily in jars containing meat baits in its natural habitat, it could 
not be reared satisfactorily in this manner at the Uvalde laboratory, 
although all the (iommon species of blowflies were u.sed. It is prov¬ 
able that the species is averse to breeding in the confinement of jars 
in the insectary, as trouble was experienced in attemjits to rear other 
species of but it is also ]>ossible that the parasite is not 

adapted to the climate of Uvalde. 

Twenty-five host tests witli both early instar and mature host 
larvae were made from May to November, but in two instances only 
were parasites obtained. Xifahm'tmi a rum fa was reared during 
August from Sarcophaga huffafa^ 27 jiarasites emerging after an 
average developmental period of 40 days; and from S, pliuthopifga, 
4 parasites emerging after an average developmental jieriod of 47 
days. The average daily mean temperature during thes(‘ tests was SO® 
F. This develo])mental jieriod of 40 to 47 days in X. ar?nafa is 
near that for PsUodora sp. at the same temperature. 

Male and female adults of Xijalosrma. arauxta if ])laced togetlnu* 
upon emergence will begin courtship immediately. I1ie female will 
not ac(*ept the male a sec'ond time, but a male has betui observed to 
mate with six different females within an hour. 

44ie preoviposit ion period is very brief. A female that em(»rged 
one morning was mated at 10 and ])laced with blowfly larvae from 
10:30 until 1 the same day. From these larvae were reared both 
males and females of XijaloHCtua armafa. This demonstrates that 
fertilized eggs can be produced within 3 hours after the male and 
female are placed together and in the first half day after their 
emergence. 

XYALOSEMA SP. 

Another species of Xyalosama, is A^ery similar in appearance to 
X, arnuifa^ being about the same size and liaA’ing about the same 
coloration. 

1 >I8TKIBITTIOX 

This species s(‘ems rather limited in its distribution. It is abun¬ 
dant along the coast of southern Texas, but has been found in only 
very small numbers elsewhere, (kdlections have been made in Texas 
(Cameron, Uvalde, Val Verde, Lubbock, Hale, and Swisher Coun- 
tie«), Oklahoma (Texas County), (^olorado (Weld County), and 
Mississipj)! (Grenada County). 

Habits 

The parasite was first observed by the author in February 1929 at 
Brownsville, Tex. Two females w^ere seen upon a 5-pound meat bait 
that had been exposed to attract blowflies. The parasites were run- 
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ning about over the meat and down into crevices searching for larvae. 
They were caught and placed in jars with blowfly larvae; these they 
parasitized and from them were reared a second generation. This 
parasite is probably active all winter at Brownsville, as are the blow¬ 
flies. The parasites were found there again in April 1930, and sev¬ 
eral were placed upon Sarcophaga larvae. A second generation of 
XycHmema was obtained at an approximate average daily mean tem- 

E u’ature of 75° F. with an average developmental period of 55 days. 

uring the same period a small number of males were reared from 
larvae of S. plinthopyga parasitized by unmated females, thus dem¬ 
onstrating parthenogenetic reproduction. 



Figukb rt.—Adult fomale of Bravhymeria fonacolomhci (l>ufo\ir). X 12. 


From blowfly larvae taken in a meat bait exposed under field 
conditions at Uvalde from August 9 to 19, 1932, five Xyalosenia sp. 
were reared with an average developmental period of 31 days. 
These specimens were placed in turn upon six unmixed lots of 
Ludlia^ Cochliomyia^ and Sarcophaga larvae, but another genera¬ 
tion of parasites was not obtained. 

BRACHYMERIA FONSCOLOMBEI (DUFOUR) 

Brachynwria fonscolomhel belongvS to the superfamily Chalcidoi- 
dea, family Chalcididae. The adult insect (fig. 3) ranges from 3 
to 6 mm in len^h; the head and body are black, the antennae black, 
and the le^ red with yellowish-white markings; the posterior femur 
is enlarged, oval, and armed on the lower side with 10 teeth. 
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DlSTRlBtJllOIf 

The distribution of Brcbchytnerla fonseolomhei in the United 
States seems to be limited only in a northerly direction. Specimens 
in the writer's collection are from California, Arizona, Ne\y Mexico, 
Texas, Oklahoma, Kansas, Arkansas, Louisiana, Mississippi, 
Illinois, Maryland, and Florida. Galesburg, Ill., is the most north¬ 
ern record in the writer’s notes. 

Habits 

The biology of Brachyvuna fomcolmnhei has been discussed fully 
by the author elsewhere {10) • This })arasite attacks either mature 
or early instar larvae of blowflies, and not more than one adult 
emerges from each blowfly pupa. The prt‘Ovi])osition ])eriod is 
brief; females will mate the day (d their emergence and produce 
fertile eggs. Without food or water, at 70° to 79° F., adults live 
about 4 da 3 "s. Honey or fruits, when given as food, increase the 
average longevity to as much as 11 days. 

Developmental I^briod 

The developmental i)eriod from egg to adult averages 21 days at 
an average daily mean temperature of 8()° to 90° F. At lower tem¬ 
peratures this j)eriod increases until at (55° the average develop¬ 
mental period is J15 days. As the temperature drops still lower a 
portion of the brood will overwinter as last instar larvae in the 
host pu[)ae. The developmental period of Brachjfmrria fonscolom- 
hei is considerably shorter than that of FsUodora or XyaloHema. 

Hosts 

Brachymcna f()nHCol(nnh(} has been reared from the following 
siKM'ies of field-collected and laboratory-reared blowflies: (UdJiphora 
eoloradi nsis^ LuvUta nerUata^ L. mucolof\ Phornua reyhui 
CocMioviyia vutcdJaria^ Sarcophaya plinthopyga^ /S. impav Aid., 
haemoTvIioidalh Fall., /V. carnurla L., and Synthesioittyta nudmya. 

It is most active as a j)arasite of Sarcophaga, However, it readily 
parasitizes Synthesiomyla and Plioinma and is frequently reared 
from L'ucUUi and CaHi/phom, The parasite was rarely reared from 
CocKliomyUi inacelhma^ and it was demonstrated that ordinarily 
Bmchynutria fon^scoJonihei parasitizes this fly both host anil 
parasite larva die. 

Brachymcria fomoolombel is found breeding in host larvae in 
Ccycasses of birds, rabbits, turtles, and other small anitnals. At 
Uvalde about one-third of the blowfly larvae in small carcasses are 
parasitized. 

ENIACA TEXANA ASHM, 

Emma iex<tna^ belonging to the family Chalcididae, subfamily 
Chalcidinae, ha.s been reared in two instances from blowny larvae. 

On July 10, 1982, a 4-ounce meat bait was exposed in a small bush 
in a rather o\mi location near Uvalde. The bait was brought in on 
July 20, and from the blowfly larvae infesting it were reared seven 
specimens of Erdaca texana after a developmental period of about 
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22 days. The host pupae, jSarcophaga pUnthopyga^ were confined 
separately in glass vials, and a single parasite was seen to emerge 
from each infested pupa. These parasites were placed with larvae 
of LvicUia^ ISarmphaga^ and other blowflies, but another generation 
was not obtained. 

Blowfly larvae of various species were exposed at Encinal, Tex., 
April 5, 1933, and from these were reared five specimens of E^daca 
texana. The developmental jieriod of this lot was approximately 30 
days. 

APHAERETA MUSCAE ASHM. 

Little is known of Aphaereta musc€u\ which belongs to the family 
Braconidae, subfamily Alysiinae, except that it emerges occasionally 
from baits containing blowfly pupae. 

Viereck (12^ p, 21Ji) states that the insect “ occurs ” in Connecticut 
in Julv aiul August and that it has been reared from the onion mag¬ 
got. Leonard (7, lists it as common in New York and 

throughout the Eastei n States. The author has reared it from blow¬ 
fly pupae exposed by H. H. Stage at Salmon River Junction, Oreg., 
ami has collected it over fre.sh cow dung at Victoria, Tamaulipas, 
Mexico. At Uvalde, Tex., it has been reared from a mixed lot of 
blowfly pupae, but in such large numbers (100 in a 4-ounce bait) as to 
suggest that it was breeding in Sarcophaga or LucUia. 

TRICHOPRIA HIRTICOLLIS ASHM. 

Trlchoprla hirficoNk is a j)arasite of blowfly pupae and belongs to 
the family Diapriidae, subfamily Diapriinae. It is encountered at 
Uvalde, i"ex., each year from July to October. In one instance it 
emerged in April. i"rom adult parasites collected in the field another 
generation can be reared easily in confinement. 

No accurate data have been collected on the life history of this 
])arasite, but it has been reared several times from /Sarrophaga pfh- 
thopyga after a developmental periml of 25 to 30 days. The average 
developmental period is j)robably shorter than this. As Trtchopria 
hlrtlcoUis emerges at the same time as Movmonlella vitripcnrds from 
material exposed in the field, it is probable tliat their developmental 
periods are of about the same length. 

From one lot of jiarasitized blowfly pupae of miscellaneous species, 
an average of 23 T nclw pria hirticoUh per host puparium was 
obtained. The maximum was 44 parasites from one puparium. In 
another test 32 parjtsites were secured from one puparium of Sar- 
cophaga plmthopyga, 

MORMONIELLA VITTRIPENNIS (WALK.) 

MormonU^Va vlfnpennh i^Nasonia hrerk^onm Ashm., Ptermnolm 
ahnormis Boh.) belong to the family Pteromalidae. Girault and 
Sanders (.4) in redescribing M, mtripennis give the following data 
concerning its size and color. Female: length, very variable, 1.0 to 
2.30 mm, average 1.75 mm; color, metallic dark brassy green. Male: 
length, very variable, 0.60 to 2.0 mm, average 1.32 mm; color, lighter 
than female, more brassy, metallic, and green. 

This small parasite oi blowfly pupae is practically world-wide in 
its distribution. Gahan (3) states that in the Ignited States it 
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occurs from New Jersey and North Carolina to California. It is 
probably the most important of the parasites attacking blowfly 
pupae, but even so it is of no great economic importance. The large 
numbers of this insect seen about carrion and the readiness with 
which it will attack pupae are misleading as to its value. Of 
79,604 blowfly larvae reared from 1929 to 1932 at Uvalde, only 0.7 
percent were parasitized by 'mtrlpennis. This is prob¬ 

ably about its normal parasitization of blowflies. During the year 
of its maximum abundance since these studies have been under way, 
those reared amounted to only 1 percent of the total emergence of 
flies and parasites. As with other jiara^sites of pupae it can act 
only on those flies which pupate in a fairly exposed place. At 
Uvalde, the chief value of this parasite is in its parasitization of the 
few pupae of fly larvae that fail to migrate and pui)ate within the 
carrion. One hundred percent of such pupae may be parasitized. 

Various authors give the length of the life cycle as 11 to 27 days. 
At Uvalde, in the summer months, the parasite develops from egg to 
adult in an average of 14 days, the developmental ])eriod lengthening 
with cooler weather. Mormomella vtfri/penniH overwinters in the host 
puparium as mature larvae or as pui)ae, and overwintering specimens 
have required as long as 140 days for development. The species is 
inclined to continue breeding, however, whenever temperatures are 
favorable, and it is likely to begin emergence on any warm day dur¬ 
ing the winter. It has hibernated successfully in pupae of (JacKli- 
oimjm maceUiiria as well as in other blowflies. 

From observations at Uvalde, and from records of other workers, 
it appears tliat Mormomella vitnpenms wdll infest pupae of all the 
species of blowflies and of many other Diptera. At XTvalde it has 
been reared from Oochliomyia mhceUaria^ Phonnla regina^ and nu¬ 
merous species of Lncilia^ Saixophaga^ and Calliphora^ both from 
fleld-collected and laboratory-reared hosts. The author has reared it 
from the cheese skipper, Piophila casei L.; Bishopp et al. (/) reared 
it, although not under field conditions, from Hypodernm limalMm 
I)e yilb; Fujita {2) found it infesting THchohjga howhyds Bech., a 
tachinid parasite of the silkwmrm; and Johnson (6'), in discussing 
injury to nestling birds by ProtocaJliphora^ refers to several instances 
of parasitization of Protocalliphora by M. vitripennis. 

It is important to know the number of Morrrtoniella vitripennS^ 
which normally develop within each host puparium in order that 
when a given number of pupal parasites have emerged, the number 
of host pupae destroyed may be estimated. The number of parasites 
per fly puparium is dependent primarily on the host species. Hardy 
{5) states that 40 parasites may be reared from a single puparium, 
but that an average of 7 emerge from a single puparium of Lucilia, 
Fujita {2) obtained 37 parasites per puparium from the tachinid 
Ti^holyga homhycis. At Uvalde, an average of 36 Mormoniella 
vitripermis was obtained from each puparium of f^arcophaga plin- 
thopyga. An average of 46 (maximum 85) Mormoniella vitripennis 
were reared from a lot of 33 pupae of Sarcophaga spp., and an aver¬ 
age of 36 parasites per puparium from Phorviidregtna. 
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ADDITIONAL NOTES ON PARASITES 

There are a few other jiarasites that have been infrequently col¬ 
lected or of which the exact status is not known. In July 19B0 nu¬ 
merous specimens of a spetdes of Xyalosema were reared from CochZi- 
orn/yia macellarJa at San Luis Potosi, Mexico, by R. Mimdell. In 
April 19B1, liowever, extensive collections by the author at San Luis 
Potosi revealed none of these ])arasitt*s, probably because it was too 
early in the year. 

A si)ecimen of Euroila sp. was found on a meat bait containing 
blowfly larvae at AVashington, D. in July 

P achy ere poUleus duhius Ashm. is Avorld-wide in distribution and is 
recorde<l from many parts of North America as a parasite on Sar- 
cophagidae, Muscidae, dung flies, and other Diptera. Numerous 
specimens were reared by D. C. Parman at tJlvade in October 1928 
from jmpae in a meat bait. 

In Alay 19B0, 90 specimens of Muf^ri/^Ufurax raptor (xir. were reared 
from a lot of over 1,000 piqiae of Mmea domestlra L. collected by 
F. (\ Bishofip in April at El Paso, Tex. In the writers collection 
are specimens of M. raptor reared in September 1914 by W. E. Dove 
at Dallas, Tex., from pu])ae of Di])tera breeding in garbage. 

Spatanyia nuiscidaruin Richardson is commonly reared from Sto- 
'/no,rys ealcitram L., as discussed by Pinkus (6'). This species and 
others of the same genus ajijiear frtMpienth" in breeding w’ork wdth 
blowflies. The authoi* has reared it in two instances wmile working 
with Lncltia scri-ca^a. In each instance, however, it emerged in very 
small numbers ai]d might liave been breeding in very small Diptera 
{^Aphiorhaeta> iroqaolara Mall.) which Avere ]>resent in the meat. 

SUMMARY 

Blowflies breeding in carcasses are atfected by the following fac¬ 
tors: (1) Destruction of the carrion by man or animals, (2) en¬ 
vironmental and physiological conditions, (B) destruction of mag¬ 
gots by ])arasites and j)redators, and (4) competition between the 
species of Diptera. Ilymenopterou.s parasites are most active in 
small carcasses such as ral)bits, turtles, and birds. 

Species of the genera Atysia^ Psdlodora^ Xyatostnm and Braehy- 
Vhcria attack blowfly larvae. These species deposit their eggs within 
« bodies of fly maggots and ])roduce but a single parasite, in each 
host. Braehyrneria and Ahpsfa breed most readily in Sarcophuga 
but are reared also from ("alfiphora^ and other blowflies. 

PsUodora and Xyalosejim have a Avider range in host selection and 
breed to some extent in Coeldiomyia. Atysia and PsUodora were 
uud in abundance in the SouthAvestern States, although occasional 
eastern and northern records are known. Braehymeria Avas found 
throughout the southern and central parts of the Uniled States. 
Xyalosimn is mainly of eastern distribution, although one species is 
found in the Texas coastal region. All of these parasites are of value 
because of the extent of their parasitism of blowfly larvae in car- 
classes. Especially important are those known to attack GochUomyia. 

Of the parasites which affect bloAA^fly pupae, Morinometla is the 
most important. Aphrirreta and Tricfiopna are commonly encoun¬ 
tered. These parasites produce a number of offspring in a single 
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host pupa and may easily be reared in large numbers under labora¬ 
tory conditions. Their effectiveness in blowfly control is not great, 
however, bet^ause most fly larvae pupate in the soil where they are 
w^ell protected from parasites. 
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BRACHYMERIA INTERMEDIA (NEES), A PRIMARY 
PARASITE, AND B. COMPSILURAE (CWFD.), A SECOND¬ 
ARY PARASITE, OF THE GYPSY MOTH ‘ * 

By Philip B. Dowden 

Assiatant entomologist^ Division of Forest Insect InvestigationSf Bureau of Ento¬ 
mology and Plant Quarantine^ United States Department of Agriculture 

INTRODUCTION 

BrachymeHa intermedia (Nees) is a European species parasitic on 
the gypsy moth (Porthetria dispar, L.), as well as many other species 
of Lepidoptera. It was reared as early as 1905 from gypsy moth 
pupae sent to the Bureau of Entomology laboratory at Melrose 
Highlands, Mass. Since that time several unsuccessful attempts 
have been made to establish it in New England. 

Brachymeria cornpsilurae (Cwfd.) is a parasite of tachinid flies 
which is apparently native to North America. It probably was of 
slight economic importance until after the establishment in New 
England of two Eurojiean tachinids, CompsUura concinnata Meig. 
ana Stvrmia scutellala R. D., parasitic on the gypsy moth. Craw¬ 
ford first described it in 1911, and five of his paratypes were 
reared from C. concinnata. It is now recognized as an important 
enemy of both these beneficial insects. 

Some observations on Brachymeria cornpsilurae were begun in 1924, 
but this work was interrupted in 1925 and also from 1928 to 1931, 
inclusive, while the wTiter was stationed in central Europe. The 
work in Europe consisted in collecting and shipping beneficial insects 
to the Unitoa States, and provided an opportunity for studying B, 
intermedia. It soon became apparent that, although there is a close 
morphological relationship between the adults of B. intermedia and 
B. compsiluracy there is a radical difference in the bionomics of the 
two sfiecies; furthermore, their immature stages exhibit marked 
differences. Because both of them may be important factors in the 
control of Porthetria dispar^ it was decided to present the results of 
investigations on both species in a single paper. 


LITERATURE ON BRACHYMERIA 

Until recently the genus Brachymeria has been known as Chalcu, 
and nearly all references in the literature are under the genus Chalcis, 
It is a largo genus, including more than 150 described species. Most 
of these species are found in tropical or subtropical climates, although 
rnany are common in the Temperate Zone, ana some have a ve^ wide 
distribution. B. jonscolombei (Dufour) is well distributed over Europe 


‘ Received for publication Jan. 8,1935; issued May 1935. 

3 This study was conducted at the Melrose Hi|i;hkinds» Mass., laboratory of the Bureau of Entomology 
during 1924,1932, and 1933, and at its European sublaboratory, Budapest. Hungary, during 1929 and 1930. 
The writer is indebted to C\ W. Collins, in charge of the Melrose Htahlands laboratory, for making these 
investigations possible; to 0. F. W. Muesebeck, 1). L. Parker, and T. H. Jones for helpful advice and the 
use of notes which each of them made on these species; and to W. F. Sellers for help in collecting material 
in Europe. 

3 Reference is made by number (italic) to Literature Cited, p. 522. 
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and North America and has been found in Asia. B, ovata (Sav) is 
common throughout the United States and the West Indies, and has 
recently been taken in Argentina. Many of the species are primary 
narasites of Lepidoptera. Pests of some of our most important crops, 
including cotton, sorghum, bananas, coconuts, and sugarcane, are 
heavily parasitized by members of this genus. A few species are 
definitely hyperparasitic, attacking tachinid parasites of Lepidoptera 
and sarcophagid parasites of Orthoptera; and one species, B. secon- 
daria (Ruschka), has been noted as a secondary parasite of Hymen- 
optera. Several species attack sarcophagid flies which feed on carrion; 
and two species, JB. vitripennis (Forst.) and B. euthyrrhini (Dodd), are 
parasites of Coleoptera. 

In spite of the size and importance of the genus, only one species, 
Brachymeria fonscolombei, has been studied in detail. As early as 
1840 Dufour (7) described this species (under Chalcis) and gave an 
account of its life history. In 1923 Parker (19) gave further notes 
on its biology, and in 1924 he (20) fully described and illustrated the 
immature stages. In 1933 Roberts (24) published a paper on the 
biology of B/fonscolombei as a parasite of blowfly larvae. 

Short accounts of several other species of Brachymeria have been 
published, however. B. intermedia was discussed briefly, under the 
name Chalcis flairipeSj by Howard and Fiske (//) in 1911. A short 
resume was given of the parasite^s life history, with figures of the 
full-grown larva, pupa, adult, and exit holes in P. dispar pupae. 
Burgess and Crossman (f, p, lUf) also outlined its life history in 1929. 
They summarized rearings of JB. intermedia from P. dispar pupae in 
Europe, and recorded the number of adults liberated in the United 
States; they also discussed the possibility of the establishment of the 
parasite in New England, ana reviewed the host- relations of the 
species. In 1924 Silvestri (28y pp. 81-82) published notes on this 
species as a parasite of Tortrix viridana L. In 1931 Martelli (13y 
pp, 206-207) gave a brief account of the biology of B. intermedia var. 
scirropodn (^6vBt.)y a parasite of Aporia crataegi L. In 1889 Stefaiii 
(29) published a short paper on (Chalcis) Brachymeria dnlmani 
(Thoms.) as a parasite of sarcophagids. In 1929 Olsoufiev (17y pp. 
96-99) discussed the same insect as a parasite of four species of 
sarcophagid flies parasitic on the Asiatic locust (Loevsta migratoria 
L.) in Russia. He described the adult, the fifth-stage larva, and the 
pupa, and gave notes on its life history. Rukavishnikov (26) reported 
on the same species as a parasite of the same sarcophagids in 1930. 

In 1897 Howard (76>) published a short account of (Chalcis) Brachy¬ 
meria ovata (Say) as a parasite of (Orgyia) Hemerocampa leucostigma 
S. and A., including figures of the adult, pupa, pupal exuvia, and 
exit hole in a parasitized pupa. Howard and Fiske (77, p, 242) in 
1911, and Burgess and Crossman (7, p. 118) in 1929, gave brief 
resumes of the life history of (Chalcis) Brachymeria obscurator (Walk.). 
In 1923 Paillot (18) wrote a short paper on (Chalcis) Brachymeria 
femorata (Panz.), a parasite of Pieris brassicae L., and in 1926 Faure 
(8y pp. 72-76) gave notes on the biology of the same species, figuring 
the adult, the fidl-grown larva, and the head and mandible of the 
full-grown larva. 

Nothing has been published on the biology of B. compsiluracy but 
in 1934 Proper (22) noted it as a parasite of several tachinid flies, 
jpving percentages of puparia infested. 
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BRACHYMERIA INTERMEDIA (NEES) 


DISTRIBUTION AND HOST RELATIONSHIPS 


Brachymeria intermedia is well distributed throughout southern 
Europe and northern Africa. Rearings of gypsy moth material in 
connection with the work of the Bureau of Entomology show recoveries 
from Portugal, Spain France, Italy, Hungary, Czechoslovakia, 
Yugoslavia, and Algeria. De L4piney {12) records it from Morocco, 
Chorbadzhiev {2) from Bulgaria, Masi {Hy pp. 78-82) from Rumania, 
Ruschka {26) from Turkey and East Bokhara, and Sacharov {27) 
from southern Russia (Astrakhan). 

B. intermedia is perhaps best known as a parasite of Porthetria 
dispar. It is, however, very polyphagous, attacking many species 
of lepidopterous pupae and at least one species of hymenopterous 
cocoon. Under laboratory conditions it has also been reared from 
several species of tachinid puparia. In the literature it has only 
been recorded as a parasite of lepidopterous pupae. A list of the 
recorded host species follows: 

Aporia crataegi L {26) {Tmeiocera) Evcosmn ocellanaY. (13,28) 

Hypogymna morio L. (26) Toririx pronuhana Hbn. (3) 

Malacosoma neuatria L. (.9, 23) Tortrix vitidana L. (3, 9, 28) 

(Oenophtheria) Sparganothis pilleriana Zygaena angelieae O. (26) 

Schiff. (26, 30) Zygaena epnialten L. (26) 

Papilio podalirius L. (26) Zygaena filipendulae L. (IS, 14, 26, 28) 

Pieris daplidice L. (2T)* Zygaena tranaylvanica Burgeff (13, 14, 

Pieris rapae L. (27) 28) 

Polia oleracea L. (15) 


During tlic present study it has been reared from pupae of Vanessa 
io L., and also from cocoons of the hymenopterous parasite Rogas 
unwolor Nees. R. unicolor is a parasite of StUpnotia scUicis L, in central 
Europe. Its cocoon is formed within the larval skin of the host, 
which becomes a dry, taut case. Adults issue in from 10 to 14 days 
after formation of the cocoon, and during this period it is exposed 
to the attack of hyperparasites. In 1933, 2,254 Rogas cocoons were 
collected in Budapest, Hungary, and 2 of them produced B, inter- 
media. In 1934, 4,869 Rogas cocoons were collected, and B, inter¬ 
medin issued from 12 of them. 

A study of the host relationships of B, intermedia was made under 
laboratory conditions at Budapest, JIungary, by exposing to attack 
numerous lepidopterous pupae, tachinid and sarcophagid puparia, 
and hymenopterous cocoons. Practically any naked lepidopterous 
host pupa was attacked, although hairy pupae, such as StUpnotia 
saluisy were refused. All hymenopterous cocoons were refused, and 
sarcophagid puparia were apparently too hard for the females to 
pierce. Tachinid puparia, on the other hand, were readily attacked, 
especially when fresh. A list of host species in which B. intermedia 
was reared in the laboratory follows: 


Lepidoptera: 

Ahrostola triplasia L. 
Acronycta tndens Schiff. 
Cadonia punctoria L. 
Cynthia atalanta L. 
Mamestra hrasaicae L. 
Nygmia phaeorrhoea Don. 
Pieria braaaicae L. 
Polygonia c-album L. 


Lepidoptera—Contin ued 

Vanessa xanthomelas Esp. 
Vanessa urticae L. 

Diptera (tachnid puparia): 

Compsilura concinnata Meig. 
Slurmia beUa Meig. 

Sturmia inconspicua Meig. 
Tachina larvarum L. 
Tricholyga sorbiUans Wied. 


* Faure p. 7S) believes Sacharov's species may be B, ftmmeta (L.). 
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Brachyrneria intermedia has also completed development in the 
following American species attacked at the Melrose Highlands 
laboratory: 


Auioqrapha hrassicae Riley 
Basilarchia ar chip pus Cram. 
Cynthia atalanta L. 
Euphydryas phaeton Dru. 
Hamadryas milherti Godt. 


Henterocampa leucostigma 8 . and A. 
Heterocam pa guttivitta Walk. 
Lemonias harrisii 8cndd. 

Papilio glaucus L. 


Although B, intermedia has been reared from field-collected hymen- 
opterous cocoons, and it readily parasitizes tachinid puparia in the 
laboratory, the large number of lepidopterous hosts recorded in the 
literature makes it seem certain that unaer field conditions it is almost 
entirely a parasite of that group. Apparently it is rarely a parasite 
of Rogas unicolor. It may attack other species of Hymenoptera, but 
no such records have been made. Difficulties encountered m collect¬ 
ing tachinid puparia in the field have made it impossible to judge 
whether B. intermedia ever attacks these hosts under natural condi¬ 
tions, but even though it readily attacked and completed develop¬ 
ment in tachinid puparia that were exposed to it in the laboratory, 
it is not believed to be normally a parasite of tachinids. Several 
attempts have been made to induce it to attack tachinid maggots in 
lepidopterous pupae and larvae, but without success; and since most 
tachinids form their puparia in the soil, they would be inaccessible 
to B. intermedia. 


ECONOMIC IMPORTANCE 


Most of the rearing work to obtain parasites of Porthetria dispar 
that has been conducted in Europe by the Bureau of Entomology 
has been in central European countries, and there B. intermedia has 
been of slight importance as a control factor. Twice, however, it 
has been observed to be extremely important in more southern rearing 
points. In 1911 W. F. Fiske ® made large shipments of parasites 
from a heavy infestation of P, dispar at Caltagirone, Sicily. He 
considered B, intermedia one of the best parasites at that point, noting 
that 4 or b adults could be observed flying around each tree. He 
gave no figures on the percentage of pupae parasitized, but he had 
44,000 ^‘parasitized” pupae and 12,000 adults collected, and these 
figures indicate that the species must have been plentiful. In 1927 
R. T. Webber ® conducted rearing work in a forest at Oran, Algeria. 
He considered it “undoubtedly the most important parasite” in that 
forest. A collection of 100 host pupae yielded no less than 26 B, 
intermedia. Pupae that were shipped to the United States from Oran 
unfortunately suffered severe mortality; so it was impossible to esti¬ 
mate the degree of parasitization of a large number of pupae. In 
1930 De L^piney {12^ p, 87) gave a detailed account of a studv of 
P, dispar in the forest of Mamora in Morocco. He makes the follow¬ 
ing remarks regarding B, intermedia, 

Chalcis intermedia was of primary importance in certain regions of the forest 
in 1924 and 1925. In 1925 nearly all the pupae along the Sal^-Tiflet road in 
the region designated as ^‘promontory A”, which was totally defoliated, were 
parasitized, so that P, dispar was rarely seen in 1926; total defoliation was not 
observed again in that region until 192S. But since 1925 Chalcis intermedia has 
practically disappeared, hot only on promontory A, but throughout the whole 
forest; only a few specimens having been found. 


* Unpublished notes at the Melrose Highlands laboratory. 
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Rearing work has also been conducted in Spain and Portugal. The 
climate of these countries is probably suited to B, intermedia^ but 
the parasite was of minor importance during the 2 years in which 
collections were made. In 1924, 7,683 P. dispar pupae were collected 
in Spain, and 315 B. intermedia adults were recovered. In 1925, 957 
B. intermedia adults were reared from 25,000 host pupae collected in 
Spain, and 1,433 from 51,900 pupae collected in Portugal. 

From these facts we may conclude that B. intermedia occurs gen¬ 
erally as a parasite of P. dispar in the Mediterranean countries, and 
that at times it becomes of primary importance as a control factor. 
Apparently, however, it does not thrive in the cx)ldcr climate of cen¬ 
tral Europe, where 
the mortality among 
overwintering adults 
probably is very 
high. This seems to 
be equally true in 
New England for, 
altliough more than 
20,000 adults have 
been liberated, the 
parasite has failed to 
establish itself in 
spite of the fact that 
it has been reared in 
the laboratory on 
various A m e ri c a n 



host species, 

S a c h a r o v {27) 
found B. intermedm ® 
to be an important 
parasite of the mus¬ 
tard feeder, Pieris 
daplidice L. In 1911 
it was responsible for 
the destruction of 
about 50 percent of 
the pupae of this 



FK.rRE 1 - Brachpmeritt intermedia: A, Adull (from Howard), (X 6); P, 
adult female, hind femur and tibia, showing markings (from Craw • 
ford) (X ID; C, head, showing carina at front of malar space (fnm 
Oawford) (X 15) B. compinturae: D, adult female, hind femur and 
tibia, showing markings (X 11); head showing carina at front of 
malar simcc (X 1.5). 


species where studies were conducted in the Government of Astra¬ 


khan in southern Russia. 


THE ADULT 


(Chalcis) Brachymeria intermedia (fig. 1, A) was first described by 
Nees in 1834 {16, pp. 39-30). Masi (14, pp. 78-83) redescribed it in 
1916, and Kuschka (36) wrote a redescription in 1922. Crawford (5) 
keyed the species (under the name Chalcwjlavipes Panz.) in 1910, and 
his figures of the “hind femur and tibia, showing marking’’ and 
“liead, showing carina at front of malar space”, are reproduced in 
figure 1, B and <7. 

THE EGG 


The newly laid egg (fig. 2, B) is 0.90 mm long and 0.20 mm wide. 
It is slightly curved with rounded ends, being somewhat wider at 


«See footnote 4, p. 497. 
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the cephalic end. The chorion is smooth and hyaline except for a 
slightly roughened area at the micropyle. The embryo is semi¬ 
opaque and grayish in color. 

THE FIRST-INSTAR LARVA 

The first-instar larva is strikingly different from that of Brachy- 
meria compsilurae Cwfd. It closely resembles ectoparasitic forms m 



r iouR£ 2.~-Brachymerta iTUermtdia: A, FIrst-instar larva (X 92); sp, spiracle. B, Egg (X 67); m, micropyle 
C, Head of nrst-mstar larva, ventral aspect (X 276); ep, epistoma; spfr, superior pleurostomal ramus; p/, 
plemostoma; ipir, inferior pleurostomal ramus; hy, hypostoma; /«, lateral epicranial angles; po, postocci- 
put. «6, transverse tentorial bar. B, FIrst-instar mandible (X 600). E, Second-instar mandible (X 428). 
F, Third-instar mandible (X 300). 

having 13 well-differentiated segments, and is tapered posteriorly. 
It belongs to Parker’s group 6 (^0). 

The newly hatched larva measures about 1.08 mm long and 0.23 
mm wide, with body form as shown in figure 2, A. The head is well 
defined, and there are 13 body segments about equal in length. Each 






Mar. 15,1936 Primary and Secondary Parasites of Oypsy Moth 


501 


segment bears a number of cuticular spines (fig. 3, C7), and all except 
the last have 3 pairs of sensory setae (fig. 3, B) placed as follows: 
1 just above the line of spiracles, 1 near the dorsal margin of the 
segnient, and 1 just below the median line. Possibly the last ab¬ 
dominal s^ment has sensory setae, too, but none could be distin¬ 
guished. The sensory setae are much like the cuticular spines, 
especially on the posterior segments. Below the median line the 
s[)ines on the anterior portions of the segments are directed backward 




f'lr.uiiE 3 —Brachymeria intfrmfdia: A, Full-grown larva (X 10). B, Sensory setae (X 400). C\ Cuticular 
spines (X400). D, Compound cuticular spines of last abdominal segment, fourth iustiu* (X400). E, 
Head of full-grown larva; a, antenna; dim, dorsal tentorial macula; p/, pleurostoma; hy, hypostoma; ipr, 
inferior pleurostomal ramus; lea, lateral epicranial angles (X 60). F, Fourth-instar mandible (X 200). 
0, Fiftb-instar mandible (X 120). 

and those on the posterior portions are directed forward. Above the 
median line all the spines are directed backward. The last abdominal 
segment differs from the others in having no well-defined groups of 
spines, although spines are scattered over the entire surface, all of 
which are directed backward. 

The head is thimble shaped and lightly sclerotized (fig. 2^ <7). It 
bears a pair of short truncate antennae. The mouth opening is on 
the ventral side at the apex. The mandibles (fig. 2, D) are 0.05 mm 
long. They are sickle shaped, well sclerotized, and yellow at the 
tips. There is a skeletal crossbar (not shown in the illustration) con¬ 
necting the inferior pleurostomal rami and extending across the 
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mouth opening just below the mandibles. Phillips {21) calls this 
crossbar the ^‘hypopharyngeal bracon.’’ The hypostoma is weak 
except at the epicranial angles and just below the pleurostoma, the 
postocciput is poorly defined, and the transverse tentorial bar is 
weakly sclerotized. 

The tracheal system is composed of a pair of lateral longitudinal 
trunks united anteriorly in the first thoracic and posteriorly in the 
ninth abdominal segment. There arc 4 pairs of open spiracles, a 
pair on the second thoracic and on each of the first 3 abdominal seg¬ 
ments. They measure 0.006 mm in diameter. Rudimentary spi- 
racular branches are present in the third thoracic and the fourth to 
seventh abdominal segments, although there are no open spiracles 
on these segments. The spiracular branches give rise to several 
dorsal branches in each segment, as well as several that are directed 
ventrally. The main ventral branches arise from the longitudinal 
trunk near the base of the spiracular branches. These subdivide 
into many smaller branches. The head is supplied from branches 
arising in the first thoracic segment, and the last abdominal segment 
receives branches from the longitudinal trunks in the ninth abdomi¬ 
nal segment. 

The digestive system is well developed at the time of hatching. 
The fore-intestine extends to the middle portion of the first thoracic 
segment, where it empties into the mid-intestine, or stomach. The 
mid-intestine occupies most of the body cavity, extending back to 
the anterior portion of the eighth abdominal segment, where it joins, 
but does not open into, the hind-intestine. The hind-intestine has a 
narrow anterior portion, to which the malpighian tubes are attached, 
and a wider, urn-shaped rectum. The salivary glands are conspicu¬ 
ous tubes lying on each side of the body. They unite in the posterior 
portion of the head into a common duct whicli opens on the floor of 
the mouth. The tubes are nearly straight in tlie first two thoracic 
segments, but they then become strongly serpentine, making a large 
curve in each segment as far back as the seventh abdominal, where 
they straighten out and extend along the venter of the eighth abdomi¬ 
nal segment, turning upward and terminating in the ninth. There 
^•e two pairs of malpigliian tubes connected to the base of tlie hind- 
intestine. A short, but strongly sinuous dorsal pair extends backward 
into the last segment. The other pair are long tubes extending 
anteriorly just above the salivary-gland tubes. They are attached 
to the hind-intestine just below the dorsal pair; from this point they 
curve upward and then extend in a nearly straight line to the third 
thoracic segment. 

The brain and nerve cord are distinct. The latter is relatively 
wide, with only slight swellings at the ganglia. It extends to the 
seventh abdominal segment, where the last 2 pairs of ganglia are 
fused, giving off 2 pairs of nerve fibers. 

The dorsal blood vessel extends from the head to the ninth abdom¬ 
inal segment. It is a muscular, tubelike organ lying along the dorsal 
wall. It is difficult to distinguish in the first instar, but may be seen 
readily in older larvae. 


THE SECOND-INSTAR LARVA 

Secqnd-instar larvae are from 2.00 mm long and 0.53 mm wide to 
2.86 mm long and 0.88 mm wide. They are similar to the first-instar 
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larvae, but are readily distinguished by the shape of the mandibles 
and the size of the spiracles. The mandibles (fig. 2, E) are not much 
larger than those of the first instar, measuring only 0.06 mm, but they 
are less heavily sclerotized and have much broader bases. The 
^ii'acles of the second thoracic segment are 0.015 mm in diameter. 
The stumps of rudimentary spiracular branches in the third thoracic 
and fourth to seventh abdominal segments are more pronounced than 
in the first instar, and in the head the hypostoma and the postocciput 
are inore clearly defined. Otherwise the two instars seem to be 
identical. The internal anatomy is similar to that of B. compsilurae, 
which is shown in figure 5, A, 

THE THIRD-INSTAR LARVA 

Third-instar larvae are from 2.7 mm long and 0.66 mm wide to 
3.80 inni long and 1.04 mm wide. The larval form is the same as in 
the previous instars, but it is distinctly more robust, and the head is 
wider. The arrangement of the sensory setae is the same as in the 
first instar. Three pairs were distinguishable on the last abdominal 
segment, 2 on the dorsal surface and 1 on the ventral. The cuticular 
spines have practically the same arrangement as before. There are 
fewest in the dorsal and pleural regions of the segments, and the 
groups on the posterior portions of the abdominal segments are wider 
than those on the anterior portions. The last abdominal segment has 
spines scattered over the dorsal surface, but very few on the ventral 
surface. The direction of the spines is as before. 

The head is like that of the full-grown larva except that it is much 
smaller and less heavily sclerotized. The tiny spines and sensoria can 
now be distinjjuished readily. The mandibles (fig. 2, F) are much 
larger, measuring 0.103 mm, but they closely resemble those of the 
second instar. 

The tracheal system has 9 pairs of open spiracles, 1 pair each on 
the mesothorax and the metatliorax and a pair on each of the fii*st 7 
abdominal segments. The inesothoracic spiracle is 0.023 mm in 
diameter. The eighth abdominal segment has a closed spiracular 
branch. 

The digestive, nervous, and circulatory systems are the same as in 
the first instar. The mid-intestine, which is clearly visible through 
the skin, usually exhibits 1 or 2 conspicuous, round vacuoles. 

THE POURTH-INSTAR LARVA 

Fourth-instar larvae are from 4.0 mm long and 1.0 mm wide to 6.0 
mm long and 1.5 mm wide. They show only minor differences from 
the preceding instar. The mandibles (fig. 3, F) still have the same 
shape, but they measure 0.15 mm. The mesothoracic spiracles are 
0.04 mm in diameter. There are the same number of sensory setae as 
in the full-grown larva, and their arrangement is the same. The 
cuticular spines are situated as before, but there are almost none in 
the pleural and dorsal regions of the first nine segments. The tenth 
segment has a few in the dorsal region, the eleventh and twelfth seg¬ 
ments have them on both dorsal and pleural regions, and the last 
segment has them on the dorsal surface only. 

In the other instars almost all the cuticular spines are straight and 
have a single point (fig. 3, (7), although occasionally a spine having 
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two points is noted. In this instar, however, many of the cuticular 
spines on the last abdominal segment have several points (fig. 3, D), 

THE FIFTH-INSTAR LARVA 

The full-grown or fifth-instar larva (fig. 3, -4) has the same general 
form as the freshly hatched larva. The measurements of individuals 
range from 6.75 mm long and 2.0 mm wide to 11.5 mm long and 3.0 
mm wide. The mesotlioracic and metathoracic spiracles and lateral 
lobes are distinctly lower than the line of spiracles and lateral lobes of 
the abdominal segments. The mesothoracic spiracles are 0.08 mm 
in diameter. There are no cuticular spines. The number and arrange¬ 
ment of the sensory setae are indicated in the figure. The first 
thoracic segment has 6 pairs, the second and third thoracic segments 
have 5 pairs each, the first 8 abdominal segments have 4 pairs each, 
the ninth abdominal segment has 3 pairs, and the last abdominal 
segment has 3 pairs on its dorsal surface and 2 pairs on its ventral 
surface. The number of sensory setae varies, particularly on the last 
segment, although most of the specimens examined have the numbers 
given. Possibly difficulties connected with preparing specimens and 
locating these minute spines account for the slight variations noted. 

The head, seen from the front, presents well-defined characters 
(fig. 3, E). The mandibles (fig. 3, G) are 0.22 mm long and 0.19 min 
broad. They are very broad and funnel shaped at the base, with 
heavily sclerotized, reddish brown tips. The inferior pleurostomal 
rami are connected by a stout crossbar, the hypopharyngeal bracon, 
extending across the mouth opening just below the mandibles. The 
transverse bridge of the tentorium is strongly developed, extending 
across the head between the lateral epicranial angles. There are 
two distinct dorsal tentorial maculae present on the frons, but no 
connection between them and the tentorium can be distinguished. 
Just below each of these marks a tiny oval elevation with a light spot 
at its center may bo noted. These are probably sensoria. The 
antennae are small nipplelike protuberances surrounded by large oval 
areas, the antennal foramina. Indistinct sutures lead from the 
antennal foramina to slight troughlike indentations of the apex of the 
occiput. 

The tracheal system is essentially the same as in the preceding 
instars, but the branches are much larger and more ramified. 

The digestive system is like that of the first instar. Parker {20^ 
Jig, 251) has figured the digestive system of Brachyrneria Jonscolombei^ 
which is very similar, although the mid-intestine of B, intermedia is 
less oval and the hincl-intestine is much longer and stouter. 

The nervous system consists of the brain, the subesophageal ganglia, 
and the ventral nerve cord. The ventral nerve cord bears 11 pairs 
of ganglia, which are separated from each other by two heavy fibers. 
Each ganglion gives off a long nerve fiber, which may transverse 
several segments. The last ganglion probably represents 2 pairs 
united, for it gives off 2 pairs of branches. The point of termination 
of the nerve cord seems to depend on the larval development. In 
some large prepared specimens it extended to the fourth, and in smaller 
specimens to the sixth, abdominal segment. 

. The histoblasts, or imaginal buds, are easily distinguished in this 
instar. They are white and semiopaque, and lie just beneath the 
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cuticle. The antennal histoblaats are situated in the antennal rudi¬ 
ments, the leg and wing histoblasts ventrally and laterally in the 
thoracic segments, and the histoblasts of the genitalia are located 
ventrally in the eihth and ninth abdominal segments in the female 
and in the ninth abdominal segment in the male. 

The fat body is conspicuous in this instar. It consists of several 
rows of laige oval cells placed between the skin and the integumentary 
muscles of each segment. 

THE PRBPUPA 

The full-grown larva voids its meconium almost immediately after 
becoming full fed, and the prepupa may be observed through the 
loosely fitting larval skin. The prepupa is pure white. At first only 
the head and thorax can be distinguished, but later the abdomen and 
appendages of the head and thorax can be differentiated. 

THE PUPA 

The pupa has a thin, closely fitting, transparent skin, through 
which tlie forming adult characters can be clearly distinguished. At 
first it is yellowish, but as development proceeds pigmentation takes 
place rapidly and it becomes shiny black. 

SEASONAL HISTORY 

Brachymeria intermedia overwinters as an adult. Two generations, 
and possibly a partial third, are completed during the summer months; 
nevertheless, first-generation females may hibernate successfully. 

The adults probably hibernate under the bark of dead trees or in 
similar places. In the laboratory they remain motionless along the 
sides or in the corners of the boxes provided for them, but they have 
never been observed to enter the soil. 

At Budapest, Hungary, the insects become active and feed a 
little during March and April. Attempts were made there to get 
them to oviposit as soon as possible, in order to determine whether 
the species went through a generation before attacking Porthetria 
dispar. No eggs were deposited until May 15, when one pupa 
was apparently attacked, but between May 15 and 25, eggs were 
deposited in more than 50 preferred-host chrysalids. None of this 
material, however, produced adults of B. intermedia. Seven chrys¬ 
alids of Vanessa xanthomela^ were't)viposited in on June 7, and from 
these eggs four B, intermedia were reared. Since by this time P, 
dispar pupae are often present in tlie field in Hungary, it is un- 
doubtealy one of the first species attacked. Tlie first adult B, 
intermedia reared from field-collected P, dispar pupae issued on 
June 28, and issuance continued until July 25. These first-genera¬ 
tion adults eagerly attacked a variety of host species during July, 
August, and September, and second-generation adults began to issue 
late in August. A second generation is evidently produced under 
field conditions also, for two B, intermedia adults were reared from 
chrysalids of Vanessa io collected at Olaszliszka, Hunga^, on Au¬ 
gust 12,1926, the adults issuing on September 16 and 20. llie se^nd- 
generation adults that were reared in the laboratory practically 
refund to oviposit, although they finally did attack some retarded 
P, dispar pupae, and a third generation was reared. It seems ques- 
tioname, however, if a third generation would develop in the field. 
Adults of the third generation could not be induced to oviposit. 
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In New England the seasonal history of B. intermedia would prob¬ 
ably be somewhat different, for here Porthetria dispar completes 
development much later than it does in central Europe. Pupae are 
present in the field from about July 5 to August 10, and laboratory 
rearing indicates that there would be time for B, intermedia to com¬ 
plete a generation on other hosts before many P. dispar pupae are 
available. The first host pupae to be parasitized successfully at the 
Melrose Highlands laboratory were those of Heterocampa guttivitta 
attacked on May 21. A number of host species were attacked during 
May and the first half of June, and first-generation adults began to 
issue by June 30 and continued issuing until July 20. It seems prob¬ 
able that those adults would normally attack P. dispar pupae available 
in the field and that second-generation adults would issue during Au¬ 
gust and September. Whether or not a third generation would develop 
IS questionable. It is known, however, that first-generation adults 
sent here from Europe attack various American host species in August 
and vSeptomber. Therefore, if second-generation adults were issuing 
from American P. dispar at tins time, they would probably attack 
available host species, thus producing a third generation. 

HABITS OF THE ADULT 

The adult Brachymeria intermedia emerges from the host pupa after 
chewing an irregular hole in the pupal shell. A count of 82 pupae 
show^ed 40 exit holes in the anterior end, 37 near the middle, and 5 
near the posterior end. Their swollen femora give the adults a 
clumsy appearance as they slowly move around in confinement, but 
in nature they aie very graceful fliers. Both sexes thrive wdien con¬ 
fined in glass-topped wooden boxes or cloth-covered cages and fed 
dry lump sugar and a honey solution (1 part honey to 5 parts water) 
held on sponges. The cages are kept in a dark, cool place when the 
insects are not being used. The females live through the winter, 
but the males die. Difficulty has been experienced in getting the 
females to hibernate, but most of those that did survive the winter 
lived well into the summer. A record of 113 hibernated females that 
issued between July 22 and August 5 of the previous year showed that 
the first female died on June 18 and the last on August 9, and there 
was no heavy mortality until the last part of July. 

Adults of B. intennedia mate readily in confinement. Cloth- 
covered cages containing several males are placed in the direct sun¬ 
light, and a few^ females are introduced. As the females are mated 
they are removed, for they mate only once, and the males will con¬ 
tinue to pursue them if they are left in the ca^es. High temperature 
at midday is the optimum condition, and mating is encouraged if the 
cage is taken to a shady place after it has been held in the sunlight 
for about 10 minutes. The time spent in coitu is from 30 to 40 sec¬ 
onds. The age of females seems to be of little importance in mating. 
Females up to 6 days old mate readily. One female 8 days old was 
mated in the laboratory, and a few unmated females that hibernated 
were mated with first-generation males the second summer,. 

As a rule females do not oviposit readily until 2 or 3 days after 
mating. Two females were observed to oviposit immediately after 
fertilization, but no parasites were reared from the eggs. The female 
crawls onto a host pupa and slowly walks over it a few times. Sud¬ 
denly takes a firm grasp on her victim with her powerful hind legs 
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and, extending her ovipositor, inserts it slowly in the rigid head end 
of the pupa. The pupa writhes violently, but the parasite shows 
remarkable ability to hang on as the host rolls around. Oviposition 
lasts from 40 seconds to 3 minutes. At the end of this time the ovi- 

B *':or is withdrawn and the host becomes quiet. A small drop of 
sometimes exudes from the puncture hole, and this the parasite 
often consumes. 

Attempts to determine how many eggs a single female lays were not 
very satisfactory At best, oviposition is very slow, and females 
that were confined individually did not oviposit so frequently as they 
are believed to do in nature. One female, which laid 48 eggs, was 
dissected after death, and the ovaries were found to contain a number 
of well-developed eggs. Apparently they do not lay more than about 
6 eggs per day. It was repeatedly noted that 5 females, caged 
together, would lay 25 or 30 eggs and then show no further interest in 
host material during that day, and isolated females never laid more 
than 7 eggs in a single day. An examination of the female reproduc¬ 
tive system showed that this is undoubtedly normal. The ovaries 
have only 3 ovarioles, and, since the eggs are rather large when 
laid, each ovariole holds only 1 well-developed egg at a time. 

Unmated females of B. intermedia will oviposit readily, and only 
males are produced in parthenogenetic reproduction. 

No satisfactory records have been kept on the proportion of sexes 
issuing from field-collected material. In 1930, 2,076 adults were 
recovered from Porthetria dispar pupae collected in Platicevo, Yugo¬ 
slavia; of these, 682 were males and 1,394 were females. That year, 
however, the host pupae were held in the field until the first B, inter- 
media adults issued, and probably some males were lost. Experiments 
in reproduction conducted at the laboratory gave contradictory re¬ 
sults. In 1927 mated females that had been reared from P. dispar 
pupae collected in Algeria attacked a number of P, dispar pupae on 
arrival at Melrose Highlands. A total of 228 adult Brachymeria 
were reju’ed, with ecpial numbers of males and females. In 1930 
mated females that had been reared from P, dispar pupae in central 
Europe were used, and 184 adults were reared, but only 26 were males. 


T\blk 1 .—Hihcrnalion of Brachymeria intermedia females in 19S0 and 1932 


•4. 

History of material 

Box 

no.* 

Adults 
placed in 
hiberna¬ 
tion 

Adults 

success¬ 

fully 

hibernat¬ 

ing 



Number 

Number 


1 

60 

33 

First-generation females not used in fall reproduction. 

2 

3 

60 

80 

23 

32 


4 

00 

16 


5 

60 

32 

First-generation females used in f*dl reproduction... 

5 

7 

60 

60 

27 

30 


8 

38 

10 


9 

61 

60 

Second-generation females not used in fall reproduction. 

10 

30 

26 


11 

66 

12 

Unmated femalas not ased in fall reproduction.. 

12 

60 

28 


> Boxes nos. 4, 8, and 11 show hibernation records for 1932; ell others show hibernation records for 1930. 


So much difficultv was experienced in getting B, intermedia adults 
to hibernate under laboratoiy conditions that it is believed that there 
must be rather high mortality in the field. Prior to 1930 so few in- 
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dividuals lived through the winter that figures are hardly significant. 
In 1930 and 1932, however, material was held in an unheated insec¬ 
tary in glass-covered wooden boxes measuring 9 by 5 by 3K inches, and 
the results were more satisfactory. The records are given in table 1. 

The data in table 1 show that first-generation females that oviposit 
in the fall live through the winter just as well as those that da not 
oviposit and almost as well as second-generation females. In 1930 
the second-generation females hibernated considerably better than 
those of the first generation, but in 1932 there was little difference. 
In 1933 it was found that successfully hibernated females that ovi¬ 
posited in the fall of 1932 oviposited almost as well as females that 
had not previously laid eggs. 

DEVELOPMENT OF IMMATURE STAGES 

The egg of Brachymeria intermedia remains about where it is laid, 
in the body of the host pupa. It hatches in about 48 hours, and the 
young larva starts feeding immediately. The larva (fig. 2, A) is 
remarkably similar to most externally feeding chalcidoid larvae, 
although it seems to be a true internal feeder. 

One of the first activities of the primary larva is the elimination of 
competitors. Only one parasite ever completes development in the 
same host pupa, and, although many very young dead larvae have 
been found in a host, no more than one living well-fed first-instar 
larva has ever been discovered. Possibly, as in many parasitic Hy- 
menoptera, actual combat between the young larvae is not necessary 
to cause death, but all dead larvae of this species that have been found 
bear marks of mandibles, and when living larvae are dissected out of 
the host pupa and placed together they quickly engage one another. 

The young larva develops rapidly and by the end of the second 
instar has taken up a position on the venter of the host pupa near 
the junction of the wing covers and the abdominal segments. Here 
it feeds on the host contents until, by the time it is full grown, most 
of the anterior portion of the pupa has been eaten out and is occupied 
by the parasite. B. intermedia frequently parasitizes a pupa that 
contains much more food than is necessary for its development. 
This surplus remains, gradually drying up. The larva casts its 
meconium almost immediately after becoming full grown, and pre- 
pupal and pupal development follow. The larva usually finishes feed¬ 
ing with its anterior end toward the head of the pupa, and the adults 
emerge from the anterior end or from the center of the pupal shell. 

The time required for development from egg to adult varies greatly 
with the temperature, Vanessa urticae chrysalids attacked on July 
31 produced adults of B. intermedia in 18 days, but retarded P. disjmr 
pupae attacked on September 11 produced B, intermedia adults in 
from 51 to 62 days. A large number of dissections during the normal 
season of development on P. dispar indicate rather clearly, however, 
that the average time in each stage is as follows: About 2 days in the 
stage, 2 days in each of the first four larval instars, 3 days in the 
last larval instar, 2 days as a prepupa, and 13 days as a pupa, making 
a total of 28 days. Females require about 2 days longer for develop¬ 
ment than males. 

' FACTORS LIMITING THE EFFECTIVENESS OF THIS PARASITE 

Th<&re are a number of factors that limit the effectiveness of 
BracKymeria intermedia as a parasite of Porthetria dispar. In the 
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first place, it overwinters as an adult and apparently cannot with- 
stand the rigorous climate that this host endures in central Europe 
and in New England. It has been extremely important in Sicily and 
northern Africa, where the winters are mild, but in central Europe 
it has been difficult to get the parasite to hibernate, and, although it 
persists in that region and can complete devel^ment in a number of 
hosts, it remains of minor importance. New England has about the 
same climate as central Europe. B. intermedia can develop in a 
number of American species, but it has never become established in 
spite of the large colonies of adults that have been liberated. If the 
gypsy moth or other suitable host were to become established in the 
southern part of the United States, B, intermedia would probably be- 
(^ome established there, whereas in New England climatic conditions 
are unsuitable for its existence. 

Tiiere must bo other factors limiting the effectiveness of B, inter¬ 
media to account for its sudden disappearance from the forest of 
Mamora in Morocco, as described by De Li^piney {12). It is difficult, 
and perhaps unwise, to hazard a theory regarding this phenomenon. 
It nevertheless seems as though the fact that B. intermedia passed 
through a second generation on some otlier host might explain this, 
for, of course, the second-generation host would have to be present in 
some numbers for the parasite to maintain itself. In any case, the 
fact that the parasite may require another host species might limit its 
effectiveness against P. dispar. 


BRACHYMERIA COMPSILURAE (CWFD.) 


DISTHIBUTION AND HOST RELATIONSHIPS 


Brachymeria compsUurae is a North American species which has 
been taken in northwestern Wisconsin, northeastern Pennsylvania, 
New Jersey, New York, and all the New England States. Its known 
range will probably be extended as additional rearing records arc 
obtained. 

So far as is known, B. compsUurae acts solely as a parasite of tachi- 
nid flies. A list of lachinids from which B. compsUurae has been 
reared, with their primary lepidopterous hosts, follows. The species 
that are starred (*) were attacke<l under laboratory conditions. 


Tachinid Host of It. compsUurae 


Achacioneura aleliae Riley. 
Achaetoneura frenchii Will, 
Carcelia laxifrons Vill. 


Compsilura concinnala Mcig. 


Pelaiachina pellucida Coq. 
Phorocera agilis R. D. 
Phorocera claripennis Macq. 
Siurmia nidicota Towns. 
Sturmia scutellata R. D. 
Tachina mella Walk. 

ZeniUia amplexa Coq. 


Lepidopterous Host op Tachinid 
FROM Which B. compsUurae Was 
Reared 

Ilemerocampa leucosiigma S. and A. 
Melalopha inclusa Hbn. 

Nygmia phaeorrhoea Don. 

Porthetria dispar L. 

Nygmia phaeorrhoea Don. 

Stilpnotia salicis L. 

^ Hemerocatnpa leucostigma S. and A. 
Uamadryas antiopa (L.). 

*Bombyx mori L. 
fEuchaelias egle Dru. 

Uamadryas antiopa (L.). 

^Porihelria dispar L. 

Hemerocampa leucostigma S. and A. 
Nygmia phaeorrhoea Don. 

Portheiria dispar L. 

Hemerocampa leucostigma S. and A. 
Hemerocampa leucostigma S. and A. 
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The hosts of B. comvsilurae are attacked in the larval stage, wliile 
still within the larval skin or pupa of the primary host. The diversity 
of the lepidopterous hosts indicates that B, compsilurae will oviposit 
through a wide variety of integuments, and, since it has been found to 
complete development in so many species of Tachinidae, the actual 
number of host species which it may parasitize is undoubtedly ex¬ 
tremely large. 

ECONOMIC IMPORTANCE 

Without doubt Brachymeria comp^lurae pavfisiiizes large numbers 
of tacliinid parasites, retarding their rate of increase and thus seriously 
limiting their effectiveness. Two of the most important species that 
it is known to attack severely are Comj)silura concinnata and Sturmia 
scutellata. Both these flies have been introduced from Europe in the 
campaign against the gypsy moth. C, concinnata is one of the most 
effective parasites of tne gypsy, brown-tail, and satin moths, and S. 
scutellata is one of the most effective parasites of the gypsy moth. 
B. compsilurae is therefore of considerable economic importance as 
affecting the biological control of these pests. 

B. compsilurae attacks its various host species when they are in the 
larval stage, and the parasite issues from the host pupariiim. An 
accurate estimate of the degree of parasitization of any host would 
therefore have to be based upon an examination of representative 
samples of puparia collected under field conditions. Unfortunately, 
however, even when large numbers of Tachinidae are known to be 
present, it is exceedingly difficult to collect puparia in the soil. A few 
collections have been made, but most of the records have been taken 
from puparia formed after the primary lepidopterous host was col¬ 
lected, i. e., when the tachinids were still in the larval stage inside 
their host. Obviously these tachinid larvae were not exposed to B. 
compsilurae so long as they would have been under na tural conditions, 
and since B. compsilurae oviposits most readily when the tachinid 
maggots are full grown, the percentage of parasitization of this stock 
is probably lower than in material remaining in the field. 

Collections made to obtain records on the prevalence of Brachymeria 
compsilurae fall into four categories. The first consists of a large 
number of Sturmia scutellata mxpsiTm obtained oyer a period of 4 years 
throughout the area in New England infested with rorthetria dlspar^ 
in connection with experiments on attractants for male gypsy moths 
(Collins and Potts, 4). In these experiments female gypsy moth 
pupae were collected and held on racks until the moths issued. Large 
numbers of S. scutellata maggots issued from these P. dispar pupae. 
Additional puparia were obtained from miscellaneous collections of P. 
dispar material received at the laboratory. The second type of collec¬ 
tion consists of several small lots of S, scutellata obtained by collecting 
P. dispar pupae at various points. The collections at each point were 
kept separate in order that the importance of B, compsilurae at widely 
separated points might be judged. In the third type of collection^ 
P. dispar pupae were collected and left in the forest, in order that the 
Sturmia maggots might be exposed to B, compsilurae under field con¬ 
ditions, but that the recovery of puparia might be facilitated by con¬ 
centration. In spite of these conditions, however, few puparia were 
found. The fourth type of collection includes four lots of Uompsilura 

* This work was done by T. H. Jones, of the Melrose Highlands laboratory. 
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concinnata puparia that were taken from the field. Table 2 gives the 
results of these collections in detail. 


Table 2. — Brachymeria compUlurae reared from various lots of tachinid puparia 

STURMIA 8CUTELLATA 


Typ3 of collection 

Place collected 

Year 

Total 

pupa- 

ris 

recov¬ 

ered 

Flies 

Dead 

from 

un¬ 

known 

cause 

Brachy 

metia 

compail- 

urae 

reared 

Brachy- 

meria 

from 

total 

puparia 

(1) PorthHriadtsparpupae... 

Oeneralinfeatedarea. 

4 years 

Number 

24,070 

Number 

11,586 

Number 

10,546 

Number 

1,938 

Percent 

8.1 

Os.sipee, N 11. 

1932 

879 

644 

213 

122 

13.8 


Francistown, N. H., 

1933 

494 

400 

20 

74 

14.9 

(2) Sjwcial collections of P. 

Sebago, Me__ 

19.33 

292 

213 

27 

62 

17.8 

dtupar pupae. 

Midaleboro, Mass. 

1933 

197 

182 

7 

8 

4 0 

We.stford, Mass. 

1934 

382 

221 

70 

91 

23 8 


Foxboro, Mass _ ... 

1934 

126 

18 

64 

44 

34.9 


Boxford, Mass 

1927 

34 

15 

17 

2 

5 8 


Mid<lleboro, Ma.ss . 

1927 

96 

46 

26 

24 

25 0 


Boxford, Ma.s.s_ 

1928 

31 

13 

13 

5 

16.1 

CP /’ dtupnr pupae left in 

SauRus, Mas.s_ 

1928 

129 

48 

73 

8 

6 2 

forest 

Nashua, N 11 .. . 

1929 

16 

6 

8 

2 

12 6 


Boxford, Mass__ 

1929 

10 


0 

3 

30 0 


Dighton, Mass .. 

1930 

149 

4.5 

6.5 

49 

32 8 


,M iddleboro, Mjiss 

1932 

98 

I 

22 

31 

31 6 


rOMPSILUUA rONCINNATA 


(4) Field-coUccted Compel- 
lira concinvnta puparia* 

(fl) In bnmn-tail moth Hampton, N. IJ_ 1924 265 40 >208 3 1,1 

mfestatlon 

jManou, Mass 1933 lfi3 11 J 40 112 68.7 

(6) In gypsy moth infos- 'Westford, Mass IJKM 41 11 » 11 19 46.3 

tation Irranston. H I 1934 432 34 M44 254 68.7 

* Most of dead killed by another parasite. 


The record shows considerable variation, with a rather high 
average abundance of B. conipsilurae. The most interesting collec¬ 
tions are the four lots of field-collected Compsilura concinnata puparia 
(type 4). The lot from Cranston, R. I., was collected a little too 
late in the season, for between 50 and 60 puparia were found from 
which adult flies liad already emerged. The low percentage of B. 
compsilnrae from C. concinnata collected in Hampton is probably 
due to the activities of another secondary parasite, Monodontomerus 
aereus Walk. This species regularly attacks C, concinnata puparia 
in brown-tail moth cocoons, drilling through the puparia with its 
ovipositor. Laboratory experiments show that it will develop just 
as readily on B. cornpsUurae as on C, concinnata. The year that this 
collection was made M. aereus was very abundant, killing almost all 
the Cornpsilura. 

The number of B. compsilurae reared from Sturmia puparia that 
were dug up after exposure in the forest (type 3) should represent 
nearly natural conditions. Considerable variation in the degree of 
parasitization is noted, and in some lots it was very high. 

The large general collections (type 1) represent such a representative 
sample that if the tachinid larvae had been subjected to the same 
exposure to attack as under normal field conditions the figures would 
bo extremely valuable. Nevertheless, they are useful in showing 
the approximate conditions. 

The small special collections (type 2) are valuable because they 
show that B, compsilurae is present over the whole area. 

135860-86-^3 
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THE ADULT 

(Chalds) Brachymeria compsilurae was described by Crawford (6) 
in 1911. The adult is similar to B. intermedia, (fig. 1, A), although 
the T narkin gs of the hind legs and the malar carinae show differences, 
as illustrated in figure 1, D and E. 

THE EGG 


The egg (fig. 4, B) is of the usual form, but is unusual in being 
surrounded by a clear, hyaline membrane. The egg body averages 



1.04 mm long and 0.23 mm wide. It is slightly curved, with rounded 
ends, being somewhat wider at the cephalic end. The chorion is 
smooth except for a sli^tly roughened area at the micropyle. The 
embryo is yellowish. The envelope is about the same shape and 
width as the egg body, but it is considerably longer. It is so delicate 
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that it collapses when the egg is dissected out of the host, but soon 
regains its shape if floated in water. When floated in normal saline 
solution, the membrane becomes slightly turgid. An average speci¬ 
men measures 1.60 mm long and 0.23 mm wide, while some specimens 
as long as 2.00 mm have been noted. The cephalic end bears a 
slightly roughened area comparable to the micropyle of the egg body. 

THE FIRST-INSTAR LARVA 

The first-instar larva (fig. 4, A) differs from that of Brachymeria 
intermedia in having a well-developed tail. It closely resembles that 
of B.fonscolombeij belonging to Parker^s group 5 {20,fig» 104). 

The newly hatched larva is 1.21 mm long and 0.18 mm wide; its 
})ody form is shown in figure 4, A. The head is well differentiated, 
followed by 13 distinct segments, the last of which is prolonged into 
a tail. The tail is as long as 3 or 4 body segments and tapers pos¬ 
teriorly. Parker {20, p. 270) found that, contrary to the usual 
maimer in larvae, the tail of B. fonscolombei probably results from a 
fusion of body segments 12 and 13, there being only 12 segments in 
his larva. B. cornpsUurae, on the contrary, has 12 distinct segments 
followed by the tail. Each of the body segments bears a transverse 
row of long delicate spines, as indicated in the figure. The spines on 
the tail are considerably shorter and broader than the others. No 
sensory setae were distinguished on the body seg:ments. 

The head is thimble shaped and lightly sclerotized. The antennae 
arc inconspicuous rounded elevations. The mouth opening is on 
the ventral side at the apex. The mandibles (fig. 4, D) are 0.066 
mm long. They are well sclerotized and yellowish at their tips. 
Viewed ventrally, the head (fig. 4, C) presents well-defined characters, 
althoiigh the sensoria are distinguished with difficulty and those on 
the labium have been seen only in living specimens. The weekly 
sclerotized hypopharyngeal bracon is not indicated in the figure. It 
is strongly depressed and weak at the center. 

Tlie tracheal system is composed of a pair of lateral longitudinal 
trunks unitecl anteriorly in the first thoracic and posteriorly in the 
ninth abdominal segment. There are no open spiracles, but rudi¬ 
mentary spiracular branches occur in the second and third thoracic 
and the first seven abdominal segments. The dorsal tracheal branches 
arise from both the spiracular branches and the main longitudinal 
trunk. The ventral branches arise from the longitudinal trunk near 
the base of the spiracular branches. The head is supplied from 
branches arising in the first thoracic segment, and the tail receives 
long branches from the longitudinal trunks in the ninth abdominal 
segment. 

The digestive, nervous, and circulatory systems are similar to those 
described for Brachymeria intermedia, with the following minor ex¬ 
ceptions: The liind-mtestine terminates on the ventral surface of the 
basal part of the tail, the salivar^r glands are somewhat less regularly 
serpentine and they terminate in the eighth abdominal segment, 
the dorsal malpighian tubes are not sinuous but straight, the anterior 
malpighian tuoes extend forward to the first or second abdominal 
segment, and the ventral nerve cord extends back to the eighth 
abdominal segment, where the last fused ganglion gives rise to 3 
pairs of nerve cords instead of 2. 
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THE SECOND-INSTAR LARVA 


Second-instar larvae are from 1.58 mm long and 0.44 mm Avide to 
2.28 mm long and 0.75 mm wide. In its form this instar (fig. 5, A) is 





Figures. —Brachymeria compsilurae: At Second-instar larva, internal anatomy (X 62); br, bi&m; mint, 
mid-intestine; mat, malpighian tubes; re, rectum; hint, hind-intestine; vnc, ventral nerve cord; elkgld, silk 
gland. B, Full-grown larva (X 10). C, Third-instar mandible (X 387). D, Fourth-instar mandible 
(X 234). E, Fifth-instar mandible (X 200). 

quite different from the first instar. The body is much stouter and 
the tail, although still pointed, is much shorter and thicker. The 
cuticular armature is also entirely different in this instar. The spines 
are* very short, and each segment bears several rows. The first 
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segment has 3 or 4 rows on the venter which extend about to the 
median line of the pleurum, but it has none on the dorsum. All the 
other segments have 3 or 4 rows on the venter which gradually 
disappear toward the median line and then increase until 2 or 3 rows of 
somewhat shorter spines are present on the dorsum. The last 3 
abdominal segments have more spines on the dorsum than on the 
venter, and the tail is thickly covered on the dorsum but is bare on 
the venter. All the cuticular spines are pointed backwards. No 
sensory setae were distinguished on the body segments. 

The head, although more heavily sclerotized, has the same characters 
as in the first instar. The antennae are much more prominent. The 
mandibles (fig. 4, E) are much broader at the base, but are actually 
sliorter, being only 0.053 mm long. 

The tracheal system, as in the first instar, has no open spiracles, 
but rudimentary spiracular branches may be distinguished in the 
second and third thoracic and first 7 abdominal segments. 

THE THIRD-INSTAH LARVA 

Third-instar larvae are from 2.73 mm long and 1.10 mm wide to 
3.52 mm long and 1.33 mm wide. The body is stouter than in the 
second instar. The tail is still noticeable, being pointed, but it is very 
little longer than the other body segments. The cuticular armature 
is almost the same as in the second instar, but usually there are a few 
forward-pointed spines on the posterior ventral borders of the first 
6 or 8 abdominal segments. In this instar sensory setae were dis¬ 
tinguished on the body segments for the first time. Each segment 
except the last apparently has 3 pairs, 1 on the dorsum, 1 near the 
spiraedes, and 1 half way between the spiracles and the venter. None 
was found on the last abdominal segment. 

The head is much smaller, but othenvise exactly like that of the 
full-growm larva. The mandibles (fig. 5, C) are 0.086 mm long. 

Tlie tracheal system has 9 pairs of open spiracles, 1 pair on each of 
the second and third thoracic and on each of the first 7 abdominal 
segments. The mesothoracic spiracle is approximately 0.023 mm in 
diameter. 

THE POURTH-INSTAR LARVA 

Fourth-instar larvae are from 4.42 mm long and 1.76 mm wide to 
5.90 mm long and 2.64 mm wide. The body is well rounded, ap¬ 
proaching the appearance of the full-grown larva. The cuticular 
armature has the same arrangement as before, although there is a 
slight increase in the number of rows of spines on each segment. The 
number and arrangement of the sensory setae is exactly the same as in 
the full-grown larva (fig. 5, JB). 

The head has the same characters as the full-grown larva. The 
mandibles (fig. 5, D) are about 0.12 mm long. 

The tracheal system is like that of the third-instar larva. The 
mesothoracic spiracles are about 0.04 mm in diameter. 

THE FIFTH-INSTAR LARVA 

When reared from the large tachinid, Sturmia scviellata, the full- 
grown, or fifth-instar, larva (fig. 5, B) is from 5.7 mm long and 2.6 mm 
wide to 10.0 nun long and 5.0 mm wide, but when reared from Comp- 
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silura concinnata, which is a much smaller tachinid, the full-grown 
larva averages about 5.72 mm long and 2.82 mm wide. It is strikingly 
oval in shape and of a glistening yellowish-white color with distinct 
segmentation. The tail is simply a tiny terminal segment, somewhat 
pointed. There are no cuticular spines. The sensory setae are in¬ 
conspicuous, the largest being only 0.033 mm long, but their position 
has been indicated in the drawing. Their number and position are the 
same as in the full-grown lars^a of B. intermedia (fig. 3,-4). Little 
wedge-shaped, yellowish, sclerotized plates are conspicuous just below 
the spiracles of abdominal segments 2 to 7, inclusive. Parker (20^ 
pp, 298-299) has also described such plates in B. fonscolombei. Their 
function is unknown. On freshly molted fifth-instar larvae these 
plates cannot be distinguished. They rapidly become yellowish, 
however. 

The head is so much like that of B. intermedia that it will not be 
described or illustrated separately. The only apparent difi*erences are 
as follows: The 2 pairs of sensory spines that lie above and laterad of 
the antennae in B. intermedia cannot be distinguished in B. comp- 
silurae: the antennae of B. intermedia are simple, while in B. comp- 
silurae they are almost invariably divided or two-segmented; finally, 
the mandibles of B. intermedia (fig. 3, G) are less robust than those of 
B. compsilurae (fig. 5, E), The mandibles of B, comjmlurae are 
about 0.17 mm long and 0.15 mm wide. 

The tracheal system is essentially the same as in the preceding 
instars, but the branches are much larger and more ramified. 

The digestive system is practically the same as in the second instar 
(fig. 5, u4), although the mid-intestine is now a large oval sac. In the 
full-grown larva the salivary-gland tubes extend only to the sixth 
abdominal segment. Parker’s figure {20, Jig. 251) shows the digestive 
system of B.Jonscolombei to be very similar, although the hind-intes¬ 
tine in B, compsilurae is much larger, occupying a large part of the 
ninth abdominal segment. 

The nervous system is of the usual type, consisting of the brain, 
subesophageal ganglia, and nerve cord connecting 11 pairs of ganglia. 
Each ganglion gives ofl’ a long nerve fiber, and the terminal ])air 
probably represents the fusion of 3 pairs, because 3 pairs of nerve 
fibers arise from it. The terminal ganglion is in the sixth abdominal 
segment. 

The histoblasts and the fat body are conspicuous in this instar, 
occupying the same relative positions as in the full-grown larva of 
B. intermedia. 

THE PREPUPA 

If a second generation of B. compsilurae develops during the season, 
the fifth-instar larva voids its meconium almost immediately after 
becoming full fed, and the prepupa may be clearly distinguished, as 
in B, intermedia. If another generation of B. compsilurae does not 
develop during the season, the winter is pawssed as a full-grown larva, 
and the meconium is voided in the spring. 

THE PUPA 

^ The pupa is of the usual hymenopterous type, presenting no great 
differences from that of B. intermedia. 
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SEASONAL HISTORY 

Brachymeria compilsurae overwinters as a full-grown larva within 
the puparium of its host, and its seasonal development depends to a 
large extent upon the host which it parasitizes, if the adult attacks 
a single-generation tachinid, such as Sturmia scuteUata, the resulting 
progeny remain as full-grown larvae until the following year, thus 
completing but one generation. But if the adult attacks a multi- 
brooded tachinid, such as CompsUura concinnata, 1, 2, or even 3 
generations may develop during the season. These conditions can 
be described best by comparing the hfe history of the parasite upon 
the two different types of tachinid host species, but it must be borne 
in mind that in nature the parasite may readily shift from one to the 
other. 

When B, compsilurae parasitizes S, scutellata^ adult emergence 
begins about the middle of June and continues until about the middle 
of July. P. dispar pupae are already present in the field at this time, 
and Sturmia maggots may bo attacked from about the middle of July 
until the middle of August. B, compsilurae larvae rapidly become 
full grown, and hibernation takes place in this stage. The meconium 
is cast the next spring, and prepupal and pupal transformations follow 
in short order. 

Wlien B. compsilurae parasitizes CompsUura concinnxita^ adult 
emergence begins about June 1 and continues until about June 20. 
The first hosts attacked in the field are probably C, concinnata 
developing in larvae of Stilpnotia salicis or Porthetria dispar j which 
become available about June 20. Second-generation adults of 
Brachymeria begin issuing about July 21 and continue to come out 
until the first of August. In the laboratory these second-generation 
adults attacked C, coucinnata developing in Hyphantria cunea Dru. 
and Euchaetias egle Dru. between July 29 and August 12. Third- 
generation adults appeared betvreen August 28 and September 8. 
Females of this generation attacked C. concmnata developing in 
K. egle between September 6 and 13. iVll the full-grown larvae of this 
generation hibernated. 

Table 3. — Surnmer-iasuing and hibernating Brachymeria compsilurae from Comp-’ 
silura coucinnata attacked on different dates in 19S3 


Generation of adult parasite that o\ iposited 

Date of attack 

Summer¬ 

issuing 

Brachy- 

meria 

Hiber¬ 

nating 

BrachV" 

menu 

First: 

fJune 24. 

Number 

9 

19 

29 

6 

' 42 

G 

3 

0 

0 

0 

0 

Number 

10 

17 

0 

0 

10 

17 

9 

5 

2 

Adult issued from CompsUura condnnata .... 

{June 2,5... 

(June 26_ 

( _do. 

Second..... 

iJune 27__ 

/July 29. 

Third 

lAiig. 5. 

fSept. 6. 

Sept. 7.-. 


Aug. 11. 

Aug. 13. 

1 


This summary of the development of B. compsilurae in C. concinvMa 
does not take into consideration the number of larvae of each genera¬ 
tion which hibernate. This phase in the life history is confusmg, for 
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there does not seem to be any rule governing the diapause. In 1932 
the number of larvae entering hibernation seemed to increase as the 
season advanced. From C. concinnata attacked by first-generation 
adults from «Tune 29 to July 1, 49 Brachymeria were reared; 39 adults 
issued the same season, while 10 larvae, or about 20 percent, hiber¬ 
nated. Out of 95 Brachymeria reared as progeny of second-genera¬ 
tion adults which attacked C. concinnata from August 6 to 18, 20 
adults issued, and 75 larvae, or about 80 percent, hibernated. In 
1933, however, there seemed to be no definite hibernation tendency. 
In one lot attacked on June 26 the majority of B, compsilurae issued 
the same season, while in other lots attacked on the same date the 
majority hibernated. The results are shown in table 3. 

These records show not only the extreme variability in hibernation 
tendency in the first two generations reared from Compsilura, but 
also that, whether the first-generation adults issue from Sturmia or 
from Compsilura, they readily attack Compsilura and tlieir progeny 
exhibit the same tendencies regarding summer issuance. 

HABITS OF THE ADULT 

When Brachymeria compsilurae is ready to emerge, it first cuts a 
small hole at about the third segment of the host puparium. It 
then cuts around the puparium, roughly following the line of cleavage 
between the cap and the rest of the puparium, by phicing one man¬ 
dible inside and one outside and chipping away at the hard shell. 
When the cut extends about four-fifths of the way around, the para¬ 
site pushes the cap off with its head. The adults, like those of 
B, intermedia, appear very clumsy in confinement, but they are 
graceful fliers. Both sexes thrive in confinement when held in cages 
Rke those used for B. intermedia. Ten females that issued on June 15, 
and were used almost daily in reproduction work, lived an average 
of 40 days, with a minimum of 27 and a maximum of 57 days. 
Twenty males issuing on June 13 lived an average of 49 days, with a 
minimum of 17 and a maximum of 81 days. If the insects are kept 
continuously in a cool, dark place, they will, of course, live much 
longer. One male held in this manner lived 121 days and one female 
lived 140 days. 

Brachymeria compsilurae adults mate readily in confinement, 
mating proceeds almost exactly as it does with B. intermedia, and the 
same optimum conditions hold for both species. J^airs remained in 
coitu between 10 and 20 seconds, with an average of 15}^ seconds, 
in 12 recorded instances. The age of the female seems to have little 
influence on fertilization. Three females that were 20 days old and 
had already laid a number of unfertilized eggs mated readily. They 
subsequently oviposited again, and both sexes were represented in 
their progeny, indicating that they had been fertilized. 

Some B. compsilurae females have been known to oviposit wdthin 
a day after emergence, but oviposition does not proceed readily until 
they are 2 or 3 days old. Interest is shown in any lopidopterous 
larva or pupa that is dead or motionless, but seldom is much attention 

E aid to a primary host that docs not contain a tachinid maggot. 

iving larvae or pupae are avoided. After the female has chosen 
her victim, she mounts it and walks over it slowly. Now and then she 
stops, elevates her body, unsheaths her ovipositor, and slowly pushes 
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it into the caterpillar or pupa. If she encounters a tachinid maggot, 
the female oviposits immediately. If, however, she finds none, she 
moves forward, withdrawing her ovipositor. Usually a female 
inserts her ovipositor in a caterpillar or pupa several times and is 
often occupied with it for 10 minutes or longer. If other females 
are present, they often strike at one another with their hind legs, 
but these battles are seldom serious enough under laboratory con¬ 
ditions to interfere with the more imperative desire to oviposit, and 
often 2 or 3 females will oviposit in 1 maggot at the same time. 
Evidently a tachinid maggot itself is not enough to induce ovi- 

f iosition, for free maggots are avoided. The dead or dying primary 
lost must be present, and there is evidence that the parasites are 
guided somewhat by the sense of smell. Several times, when an 
ovipositing female caused a maggot to writhe with especial violence, 
a drop or two of the brown liquid commonly surrounding an almost 
full-fed tachinid maggot oozed out on the vial or box. Other females 
would repeatedly try to insert their ovipositors in these drops of 
liquid. As soon as they were dry, however, no further attention 
was paid them. 

The reproductive capacity of the females was not determined 
satisfactorily. Ten females were isolated and kept constantly sup¬ 
plied with iiost material, but they did not live long. Six of them 
laid from 38 to 48 eggs each, with an average of 42, but upon dissec¬ 
tion large numbers of eggs were still present in the ovarioles. No 
more than 12 eggs were hiid in a single day, but this number wa 
fre(|uently obtained. This is probably the total daily capacity, for 
each ovary has G ovarioles, and the eggs are apparently too large to 
permit development of more than 1 at a time. 

ITnmated B, eompsUvrae females oviposit readily, and only males 
are produced by parthenogenesis. No satisfactory records have 
been kept on the proportion of the two sexes issuing from field- 
collected material, but there are indications that the sexes are about 
equal. In 1932 a lot of 70 individuals comprised 29 males and 41 
females, and in 1933 a lot of 100 individuals consisted of 57 males 
and 43 females. 

DEVELOPMENT OP IMMATURE STAGES 

The egg of Brachymeria cornpsUurae remains about where it is 
laid, in the body cavity of the host maggot. Hatching takes place 
in about 48 hours, and the young larva starts feeding immediately 
on the blood and lymph of the liost. The parasite larva is a typical 
internal feeder, having a long tail and a closed tracheal system. It 
closely resembles the larva of B, jonscolombei^ wliich was figured by 
Parker {20, Jigs. 103-104). No more than one B. cornpsUurae larva 
ever completes development in a host, even when more than one 
egg is hiid. As with B. intermedia, all the dead larvae observed have 
borne marks that might have been made by the mandibles of another 
larva. The young hirva apparently does not develop beyond the 
first instar until the host metamorphosis from larva to pupa takes 
place. It then apparently feeds indiscriminately, for it soon eats 
out a bubblelike area in the host^s body contents, and by the time 
it is in the second instar it can usually be found in tliis space. The 
larva invariably consumes the entire body contents of the host, 
wliich vary greatly in size, and there is therefore considerable varia- 
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tion in the size of the adult parasites. When feeding is completed, 
the larva may void its mecomum and transform to a pupa, or it may 
remain as a larva in the host puparium all winter, voiding its me¬ 
conium in the spring. When feeding is completed, the head end of 
the parasite is always directed toward the cephalic end of the 
puparium. 

The time required for development from egg to adult depends 
somewhat on the condition of the host larva when it is attacked. If 
the tachinid larva is full grown and issues from its host within 48 hours 
after the Brachymeria egg is laid, the hyperparasite develops rapidly. 
If the tachinid larva does not issue and form its puparium for several 
days, growth of the hyperparasite larva is retarded. It apparently 
never develops beyond the first instar until the host forms its pupa¬ 
rium. A first-instar parasite larva has been found in a tachinid mag¬ 
got 6 days after egg deposition. If the maggot had formed its 
puparium on the first or second day, the larva would probably have 
been in the third instar. Temperature also affects the rate of develop¬ 
ment. Under laboratory conditions host larvae attacked during 
June, July, and August showed no great variations, however. From 
23 to 28 days wore required for the development of males and from 
25 to 31 days for that of females. Larval development was observed 
during July by dissecting 57 host puparia that were formed 2 days 
after the maggots were attacked. These dissections indicated that 2 
days were spent as an egg, about 2 days as a first-instar larva, 1 day in 
each of the second and third larval instars, 2 days in the fourth instar, 
3 days in the fifth instar, 2 days as a prepupa, and 12 days as a pupa, 
making a total of approximately 25 days. 

FACTORS LIMITING THE EFFECTIVENESS OF THIS PARASITE 

Brachymeria compsilurae is a species that has taken advantage of a 
new supply of food and has increased enormously in numbers. Its 
principal host species, Compsilura concinnata and Sturmia scutellataj 
have been established in North America so long, however, that, if the 
secondary parasite were capable of overtaking them, it would probably 
have done so by this time. Just what has limited its increase is 
problematical. The only known factor curtailing it is another 
secondary parasite, Monodontomerus aereus Walk., which undoubtedly 
parasitizes B. compsilurae when it is a parasite of C, concinnata in 
Nygmia phaeorrhoea. The number that are thus accidentally attacked 
must be very small, however. Possibly the wide range of hosts in 
which (7. concinnata develops protects this species somewhat, but there 
seems to be nothing to protect S, scutellata. The fact remains that, 
in spite of serious losses through B. compsilurae^ both these beneficial 
tachinids have continued to maintain themselves. 

COMPARISON OF THE TWO SPECIES 

The adults of Brachymeria intermedia and B. compsilurae have been 
found to be very similar. Their habits of mating are almost identical, 
their methods of ovi position are much the same ^though the stage and 
condition of the host oviposited in are different, and their seasonal 
histories are similar, with each producing several generations. But 
here the similarity ends. The two species present entirely different 
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host relations, their hibernation habit differs, and their immature 
stt^es are radically different. 

The egg of B, intermedia is of the conventional type, whereas that 
of B, compsilurae is unusual in that it has an enveloping membrane. 
No other hymenopterous egg with such a membrane has been figured, 
although the writer has found one around the egg of Cremasius inter- 
ruptor Grav., a parasite of Rhyacionia buoliana Schiff. The first- 
instar larva of B, intermedia closely resembles external feeding larvae, 
but that of B. compsilurae is typical of the caudate form of internal 
feeding chalcidoid larvae. The advanced instars of B, intermedia do 
not differ greatly from the first instar, but in the case of B. compsilurae 
the appearance changes considerably owing to the gradual loss of the 
tail, and the full-grown larva bears 6 sclerotic plates below the spiracles 
of abdominal segments 2 to 7, inclusive. The head of the full-grown 
larva, however, is practically the same in both species, and their 
internal anatomy is vtuy similar. 

SUMMARY 

Brachymeria intermedia (Nees) and B. compsilurae (Cwfd.) are, 
respectively, primary and secondary parasites of the gypsy moth 
{Porthetria dispar L.). 

Brachymeria intermedia is a polyphagous European species which is 
of primary importance as a parasite of P. dispar pupae in Sicily, 
Algeria, and Morocco. It is a minor factor in the more northern 
latitudes of central Europe, probably requiring a warmer climate to 
become effective. wSeveral unsuccessful attempts have been made to 
establish it in New England. This species overwinters as an adult, 
passing through 2, and ])ossibly 3, generations in a season. P. dispar 
IS ]>rol)al)ly the first liost species to be attacked in central Europe after 
the adults leave hibernation. The adults thrive and mate readily in 
confinement. They oviposit in the host pupa, and development from 
egg to adult requires from 18 days in August to 62 days for eggs laid 
in September. The egg of B, intermedia is of the conventional type. 
There are five larval instars. The first-instar larva closely resembles 
typical external feeding chalcidoid larvae, and the advanced larval 
instars do not differ greatly from the first instar. 

Brachymeria compsilurae is a species occurring in North America 
which, so far as is known, acts solely as a parasite of tachinid flies. 
It has been reared from many species of Tachmidae, and is particularly 
destructive to Compsilura concinnata and Sturmia scutellatay which are 
European parasites successfully established in New England against 
tlie gypsy moth. B, compsilurae overwinters as a full-grown larva 
within its host puparium. It develops only 1 generation in single¬ 
generation tachinids, but passes through 2 or 3 generations in multi- 
brooded host species. The adults thrive and mate readily in con¬ 
finement. They oviposit through the primary lepidopterous host 
pupa or larva, locating the tachinid maggots probably through 
a sense of smell. Development from egg to adult retires from 23 
to 28 days in males and from 25 to 31 days in females. The egg is unu¬ 
sual in that a clear hyaline membrane encloses an egg body of the 
conventional type, 'fhere are five larval instars. The first-instp 
larva is typical of the caudate form of internal feeding chalcidoid 
larvae. I'he advanced instars change considerably owing to the 
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gradual loss of the tail. The full-grown larva is unusual in having 
6 sclerotic plates below the spiracles of abdominal segments 2 to 7, 
inclusive. 
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TRICHOSPORIUM SYMBIOTICUM, N. SP., A WOOD-STAIN¬ 
ING FUNGUS ASSOCIATED WITH SCOLYTUS VENTRALIS' 


By Ernest Wright * 

A»Bociale pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

During the past several years an engraver beetle {Scolytus ventralis 
Lee.) has caused the death of many white firs {Abies concolor Lindl. 
and Gord.) throughout the Sierra Nevadas of California. The galleries 
are confined to the cambial region, and the eventual death of the 
infested tree is the result of girdling. 

A brown discoloration has been known to be commonly associated 
with Scolytus ventralis tunnels, but it was not until 1930 that the cause 
of the stain was discovered. In that year an investigation was started 
by the Division of Forest Insects, Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture, on the insects 
infesting white firs, and Strublo isolated a fungus from a number of 
the stained areas. Inoculations with the isolated organism produceci 
a similar brown discoloration in the wood and inner bark of uninfested 
trees. 

Subsequent to this work and at the invitation of the Division of 
Forest Insects, the writer carried on additional studies of the fungus 
in an attempt to determine its role in the development of beetle 
broods. The results of these studies and a description of the fungus 
are given in the present paper. Special effort has been made to 
determine the pathogenicity of the fungus to white fir and the manner 
in which it is transmitted from tree to tree. 

REVIEW OF LITERATURE 

In 1931 Kumbold (13) * reviewed the literature relating to bark 
beetles and blue-staining fungi. In her own investigations she estab¬ 
lished the fact that blue stains are frequently associated with species 
of Ips md Dendroctonus, Grosmann (7) studied Ipids and concluded 
that the different associated fungi have the same requirements for 
living as the beetles but that the insects are important carriers of 
blue stain and related organisms. Investigators have shown that 
bark beetles frequently act as direct carriers of infection. 

Ceratostomella {Graphium) ulmi (Schwarz) Buisman, which causes the 
serious Dutch elm disease, seems to be the only wood-staining fungus 
so far reported to be associated with Scolytus beetles. Wollenweber 

1 Received for publication Dec 22,1934; issued May 1935 

* Acknowledgment is made of the helpful cooperation of the i>ersonnel of the Division of Forest Insects, 
Bureau of Entomology and Plant Quarantine, u. S. Department of Agriculture. An expression of appre¬ 
ciation is especially due George R. Struble, of that Division. Two illustrations (figs. 4 and 5) were supplied 
through the courtesy of the same Division. In the determination of the specific fungus the writer received 
valuable assistance from members of the Division of Forest Pathology, Bureau of Plant Industry, especially 
from C. Audrey Richards, Caroline T. Rumbold, and Ross W. Davidson. Dr, Lee Bonar, associate pro¬ 
fessor of botany. University of California, gave valuable help in the allocation of the species. 

3 Stauble, G. R. the fir engraver beetle and associated insects in white fir. preliminary 
REPORT. U. S. Dept. Agr., Bur. Ent. 1931. (Unpublished.) 
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and Stapp {14) suggested that the frecpient occurrence of G, ulmi in 
connection with Scdytus galleries may indicate that these beetles aid 
in spreading the disease, although actual proof was not obtained. 
Betrem and collaborators {S) showed, however, by isolations that S'. 
scolytus Fab. adults actually carry the spores of G, ulmi both internally 
and externally. Since the spread of the Dutch elm disease to the 
United States, Beattie (1) has reported that May and Fowler isolated 
G, ulmi from imported elm logs containing S. scolytus broods. This 
interception was later supplemented by others ana strongly suggests 
that these beetles may have played an important part in introducing 
the disease from abroad. 

In some instances a symbiotic relationship between fungi and 
beetles has been indicatea. Hubbard {9) in his study of ambrosia 
beetles showed that an interdependence does exist. For bark beetles 
true symbiosis is unusual. 

MATERIALS AND METHODS 

In order to secure an abundant supply of recently infested white lir 
material and newly emerged beetles, field laboratories were established 
in close proximity to the forest entomology camps where studies of 
Scolytus ventralis were at the time being pursued. The camps were 
situated at different localities, at elevations of 3,000 to 5,000 feet. 
Occasional material collected from other areas was also utilized in the 
course of the study. 

The investigation so far has been confined to white fir, althougli 
Scolytus ventralis also infests other species, such as red fir {Abies mag-- 
nijica Murr.), in this same section. Since the latter species occurs at 
higher elevations, the beetle emergence period is considerably shorter 
and infestations are less favorable for continued study. 

Material for a close study of the fungus that causes the stain was 
obtained from freshly infested firs. Individually stained areas of 
xylem and inner bark were prepared for culturing by cutting awav 
surface contamination with a flamed scalpel, thereby exposing fresli 
stain. Slivers were removed aseptically and planted on malt agar 
(2.5 percent malt extract to 2.5 percent agar) in Petri dishes. Isola¬ 
tions were later transferred to test-tube slants. 

THE STAINING FUNGUS 

ISOLATION 

Stained material was cultured from 100 different galleries during 
the course of the study. A summary of the isolation results is pre¬ 
sented in table 1. 


Table 1 . —Isolations from Scolyivs ventralis galleries in Abies concolor 
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Recent stain in inner bark. 

Stanislaus National Forest . 
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Recent stain in xylem. 

—do.. . _ 

10 
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1-year-old stain in xylem.. 

--do ... 

11 

6 
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Sequoia National Forest. 

8 

8 
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Sierra National Forest. 

13 
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10 
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100 

77 

16 
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From a total of 100 isolations attempted, 77 produced cultures of the 
causal organism, 16 contained other fungi, and 7 were negative. The 
fungi other than the causal organism did not occur consistently. A 
few of the more unusual types were reduced to pure cultures for use 
in future tests to determine their staining possibilities. 

In a few cases conidiophores of the fungus were observed as delicate, 
whitish hyphae in vacated Scolytus vervtralis galleries. Because of 
their fragile character it is difficult to detect such formations regularly, 
and cultures were needed for verification. 

Unlike the common blue stains in trees, the brown discoloration 
does not penetrate deeply into the sapwood and is confined to the 
annual ring in wliich the galleries are made. 

A comparison of the fungus with Struble^s isolations showed that 
the strains were identical in cultural as well as in microscopic features. 

IDENTITY OF THE FUNGUS 

There is general agreement that the fungus belongs in the Dema- 
tiaceae and to the genus Trichosporium Fr. No description has been 
found in the literature which can be applied to the organism referred 
to in this paper. It therefore appears necessary to designate the 
fungus as a new species. 

TECHNICAL DESCRIPTION 
Trichosporium symbioticum, n. sp. 

Hyphis septtttis, pallidis vel fusciK Iminiieis, interccllularibus, mediocribus 
3.0m diarn.; conidiophoris rainosis, sei)tati8, liyaliiiis, 1m 1.5m crassitiidine; conidiis 
liyalinis, KuhKl()l)()«i8, sessilibus, apice insertis, capitulatis ct subterniiaalibus 
pleuracro^onis, 1.8m 2.4m diani. 

Hyphae septate, colorless to brown, intercellular, averaging abotd 3 m iu diam¬ 
eter. Conidiophores septate, colorless, Im I.Sm in diameter, and bear clusters of 
spores inserted on the ajDiees or (occasionally subterininally of the main axis or 
on secondary or tertiary branches. Spores attached at the tips, hyaline, sub- 
globose, 1.8m 2.4m in diameter. Associated with ScolijtuH ventralis Lee. galleries, 
causing a brown stain in the cambium and adjacent xylem and phloem of AfeteS 
concolor Londl. and Gord. in Californa. 

In malt-agar cultures, submerged mycelium eventually fuscous brown, averaging 
Om in diameter, conidiophores colorless, clustered, erect, septate, 1.5m-2m thick, 
spores variable in size, 1.5m-4m bi diameter. 

On Abietineae {Abies concolor Lindl. and Gord.), California. 

Type /ocairVy. Strawberry, Stanislaus National Forest. Stan. W-201 wood 
and bark, herbarium. Division of Forest Pathologv, San Francisco, Calif. Parts 
of type also deposited in mycological collections, t)ivision (^f Mycology and Dis¬ 
ease Survey, Bureau of Plant Industry, United States Department of Agriculture. 
Test-tube and plate cultures deposited with each collection. 

The two distinguishing features that segregate this species from 
most other described species of Trichosporium are the colorless spores 
and their minute size. Descriptions of species that have colorless 
spores were found inapplicable, mainly because of their considerably 
larger spore size or in some cases because other characters as well did 
not agree, such as the color of the hyphae and the shape of the spores. 
A few of the descriptions given in the literature were not adequate for 
accurate comparison. 

CULTURAL CHARACTERISTICS 

Pure cultures of the fungus were grown on malt, potato-dextrose, 
corn-m eal, starch, and modified Czapek^s * agar. On malt agar 

® KH*P 04 w.»w used in place of KiFtPOi since an acid medium is more satisfactory for growing wood- 
inhabiting fungi. 

185860—35——4 
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which was the most favorable medium used, two kinds of mycelium 
were produced, (1) a white flocculent aerial mycelium, bearing 
conidiophores and spores, and (2) dark submerged ^phae, varying 
from cinnamon drao to fuscous brown in color. The submerged 
hyphae do not show noticeable coloration until the culture is 10 to 15 
days old. The older the culture the darker the submerged mycelium 
becomes. On other agars the mycelium shows different deCTees 
of coloration, all less distinct than that on malt agar, and no colora¬ 
tion on the Czapek’s agar. Figure 1 shows the characteristic develop¬ 
ment of the mycelium under cultural conditions. 



Figure l.—Tricho»porium xymUUicum on malt agar, .showing white flocculent air mycelium and dark 

submerged hyphae. Natural slae. 


MORPHOLOGY 

In malt agar (pH 5.5) the dark-brown submerged mycelium is 
plainly septate and in old cultures the hyphae may obtain a maximum 
width of 14/4, with an average of dja. The whitish aerial hyphae are 
more delicate, ranging from 1.5/i to 2m in width, and are also septate. 
Conidia are distinct from the conidiophores and occur in capitate 
clusters at their tips but occasionally subterminally as well. The 
spores are attached by the tips and are permanently hyaline, subglobose 
to ovoid in shape, and 1 .5 m to 4 m in diameter. The conidiophores often 
divide into two or more branches, each of which may bear a capitate 
group of spores on the apices as illustrated in figure 2. 

Microtome sections of infected wood, stained by the Cartwright (6) 
and Hubert (10) methods, when examined microscopically showed the 
presence, of Trichosporium symbioticum hyphae within the tracheids, 
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and occasionally conidiophore and spore formations were also de¬ 
tected. Figure 3 is a photomicrograph showing T. symbioticum 
hyphae and spores witliin the tracheids of Abies concolor wood. The 
hyphae effect an entrance into the tracheids through the bordered 
pits and not directly through the cell walls. Hyphae also enter the 
medullary ray cells through the pits but are not as typically congre¬ 
gated here as is frequently the case with other wood-staining oi^an- 
isms such as CeratostomeUa spp. Hyphae have been seen in the 
phloem parenchyma, but only indistinctly. 



Figure 2 - - Trickoxporium symbioticum on malt agar. A, Siiore germinatioD and mycelial grow(h at 22® C.; 
B, typical aerial mycelium and conidiophores; C, enlaced tip of a conidiophore, showing manner of spore 
attachment. 

In the tracheids of Abies concolor wood the maximum width of 
mycelium observed is approximately 8/x, averaging about 3^- The 
spores produced in the tracheids are subglobose and vary from 1.8m 
to 2.4m ill diameter. The sizes of the spores and hyphae ao not differ 
as much within the tracheids as when the organism is grown in culture 
media. 

OCCURRENCE OF STAIN IN GALLERIES OF SCOLYTUS VENTRALIS 

To determine the frequency of stain occurrence in relation to 
Scolytus ventralis galleries, five infested trees were examined after 
they had been felled and the bark had been removed. These trees 
ranged from 8 to 30 inches in diameter. In all, 532 galleries^ere 
inspected macroscopically in consecutive order, and the browi dis¬ 
coloration was plainly evident in every case. 
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Special attention was given to evidences of overcome and unsuc¬ 
cessful beetle attacks, generally characterized by isolated galleries, 
to determine whether the brown discoloration was noticeable, thereby 
indicating the presence of Trichosvorium symbioticum. In no in¬ 
stance was the coloration found to be entirely lacking, although the 
areas stained in unsuccessful attacks appeared to be less extensive 
than in successful infestations. 

In trees where the beetle attacks are but few or have been unsuc¬ 
cessful, the stain is soon overgrown by newly formed xylem so that it 

becomes buried under 
successive layers of 
annual growth. Yeai’s 
later, when such trees 
are felled and bucked, 
the stiiined areas may 
become evident on the 
cross cuts. The date 
of the attacks may be 
readily established by 
counting the number 
of rings that have 
been formed over the 
stain (fig. 4). 

The trap trees ® used 
by the entomologists 
to attract Scolytun 
reihtralis provided 
another means of 
studying the frequency 
of the occurrence of the 
fungus with individual 
egg galleries. Several 
weeks after the attacks 
were made the bark 
was removed from 
seven difl*crent trap 
trees and 999 galleries 
were examined succes¬ 
sively. Stain was 
plainly evident in all but 28, and these had been formed very 
recently. The number of trap-tree galleries inspected plus the num¬ 
ber of galleries found in the infested firs makes a total of over 1,500 
attacks examined. The stain was unquestionably present in all but 
2 percent of the galleries, and the recent origin of these may explain 
its visual absence, since cultural isolations have already shown that 
the fungus was probably present in these doubtful cases. 

At the time of the examination of the tr^-tree attacks, measure-, 
ments were made of the extent of the stain. Estimates of the approxi¬ 
mate age of the egg galleries were based on their length. It \ya8 found 
that the discoloration spread longitudinally at an average rate of 
approximately 3 mm a day. It was possiole to follow the rate at 

«In ithis investigation & trap trae consisted of a purposely felled, living white fir that was left unlopped on 
t3ie>grounid. Unlopped trees are especially attractive to Bentrali$, and by using this method forest 

eutomologiste secured abundant infestations at will. 
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wliich the stain spread for about 1 month, but after that time the dis¬ 
coloration of adjacent galleries ran together (fig. 6). The measure¬ 
ments indicated that individual trap trees show considerable varia¬ 
tion in the rate at which the stain spread from the galleries. 

The beetles extend _ 

their mines as the eggs 
are laid, and the stain 
is th erefore first notice¬ 
able in the older por¬ 
tions of the galleries. 

Before any of the eggs 
[latcli into larvae, liow- 
ever, the brown dis¬ 
coloration spreads 
longitudinally from 30 
tf) 50 mm on both 
sides of tlie egg gallery. 

Witli this start, the 
stain keeps well in 
advance of tlie fastest 
working larvae. The 
wTiter has never found 
larval mines that have 
extended into un¬ 
stained areas. 

It appears from 
these examinations 
that when Scolytus 

^^.4 4 f Hit’UK 4Section of conmor tree heavily mined with 

r€Uir(li'l6 attaCKS wnite I^entralis Kaileries. Dates indicate year of attack. Notice callus 
fir* n Krnu/ri ufnin ic formations surrounding the overcome and unsuccessful attacks. 

Ill a, iiiuwu btuiii 1 . Extent of stain associated with the 1931 attacks was outlined by the 

r e g U J a r 1 y associated writer. Photographed by George R. Struble; approximately one- 

with the galleries of 

this lieetle. Discoloration of the same sort has never been found 
except in connection with beetle infestations. 



THE BEETLES AS CARRIERS OF THE STAINING FUNGUS 


ISOLATIONS FROM LIVING BEETLES 

Infested logs placed in the Bureau of Entomology and Plant Quar¬ 
antine roaring cages provided a ready supply of beetles. The adults 
emerged into small glass jars on the front of the cages, and 100 beetles 
were collected in this manner. Each insect was placed in a 50-mm 
Petri dish containing lukewarm malt agar, where tliey swam about 
until the agar solidified. The beetles were then removed with sterile 
fori^.eps and the plates were incubated. Microscopic examinations of 
the plates were made periodically. 

A number of different fungi were found growing in the plates, but 
90 percent produced cultures of Trichosporium symbioiicum. The 
most common containinants were PenidUiumf Aspergillus, and 
Mucor spp., none of which occurred consistently. In a few instances 
the plates contained practically pure cultures of T. symbioiicum. 

The beetles in the above investigation were not collected singly, 
and there was a possibility of mutual contamination. To obviate this 
objection 25 additional b^tles were removed from the bark of infested 
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white fir before they emerged, and were placed in separate sterile test 
tubes preparatory to cultural proceedings. Later they were removed 
from the test tubes into lukewarm agar and allowed to swim about as 
previously described. 

These beetles all proved to be carriers of Trichosporium symhioticum. 
It may be assumed, therefore, that Scolytus ventralis commonly carries 
the staining fungus and in this way introduces it into the egg galleries. 

It appears that an occa¬ 
sional beetle that may 
emerge free of the fungus 
is likely to become a car¬ 
rier afterward tlirough 
contact with other beetles. 

ISOIJ^TIONS FROM ALIMEN¬ 
TARY TRACTS 

To determine whether 
the beetles carried Tri- 
chosporium symbioticurn in¬ 
ternally or bxtornally, 50 
Scolytus ventralis alimen- 
taiy tracts wore cultured 
by means of the following 
technic: Before the beetles 
were dissected they were 
sterilized according to a 
method used by Beckwith 
and Rose (2), who studied 
the intestinal flora of ter¬ 
mites. The living beetles 
were placed in a U. S. P. 
tincture of iodine solution 
for 20 to 30 seconds. They 
were then waslied in two 
changes of physiological 
saline solution and finally 
in two changes of sterile 
water. The beetles were 
dissected under sterile con¬ 
ditions by Struble. Each 
alimentary tract w^as 
plated immediately on 
malt agar by the writer. The plates were examined regularly during 
incubation. 

Trichosporium symbioticurn developed from only 4 of the 50 alimen¬ 
tary tracts. The small number of positive isolations indicates that the 
fungus is not commonly carried internally. 

PATHOGENICITY TESTS 

As a test of the pathogenicity of the isolated fungus, Struble ^ 
drilled a number of wliite fir trunks with a ?^ 2 -inch bit to simulate the 
beetle galleries, and inoculated through these openings. The writer 
inoculated seven trees in a similar manner, mamly to determine the 



FlODRE 5.--Stain in the wood of an Abkft concolor tree attacked 
by Scolutu9 ventralis. I'lie stain is shown well in advance ol 
the longest larval galleries, and in several cases the discolora¬ 
tion has spread from one colony to another, forming extensive 
areas. Photographed by J. M. Miller, Approximately one 
fourth actual sise. 


9 O. B. See footnote 3. 
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rate at which the stain spread. The surface of the bark was sterilized 
with 70-percent alcohol and the drillings were made horizontally in 
an ascending spiral to avoid the effect of mechanical girdling. The 
inoculum, con^stin^ of Trichosporium symhioticum in bits of malt 
agar, was inserted into the drill holes with a sterile needle. Check 
insertions of sterile agar were alternated with the inoculations in the 
same trees. Both the in¬ 
oculations and checks were 
left undisturbed for 3 to 
8 weeks. Then the bark 
was cut away to expose 
the stain and in some cases 
the trees were felled and 
the bark entirely strirmed 
from the trunks. This 
revealed the presence of 
stain very clearl}^ (fig. G). 

Measurements from a 
total of 145 inoculations 
showed that the stain spread 
only approximately one- 
third as rapidly as the dis¬ 
coloration associated with 
the beetle galleries, the 
daily spread averaging 1 mm. 

All the checks except 
5 in 1 tree remained free 
of discoloration. The 
trunk of this particular 
tree was enclosed with a 
wire screen after inocula¬ 
tion, and a number of 
Scolytus rent rails adiilts 
were introduced later into 
this cage by the entomolo¬ 
gists, to determine wdiettier 
the beetles preferred 
stained or unstained areas 
in which to establish 
their egg galleries. The 
experiment failed to 
settle the question, possibly 
because of the presence of excessive balsam,® which had exuded from 
the drill wounds and which apparently restricted the beetles finm 
making extensive explorations. Since both the checks and the inocu¬ 
lations were left open, it is possible, however, that exploring beetles 
did introduce the fungus into the five checks. 

Reisolations were taken from four of the inoculated trees and 
reinoculated into other unstained white fir trees. Subsequent ex¬ 
aminations revealed the presence of the brown discoloration in all 
reinoculations. 

* Preliminary tests by members of the Division of Forest Insects, Bureau of Entomology and Plant 
Quarantine, have since shown that white fir balsam is actually very toxic to 8. vtiuralia beetles. 



FfGuuE 6." Section of Abies concolor trunk, inoculated by 
the drill method, from which the bark has been removed. 
On the left the checks show the absence of stain (indi¬ 
cated by check marks). On the right are two inocula¬ 
tions showing the spread of the stain in the sapwood 
(after 4 weeks). Approximat^y one-half actual size. 
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Several other organisms, obtaiped during isolation studies, were 
also inoculated into white fir trunks but gave negative results. 

CORK-BORER INOCULATIONS 

To determine whether Trichosporium Rymhioticum could kill white 
fir trees without the aid of the beetle galleries, it was necessary to 

devise a method of inoculation in 
which the inoculum could be placed 
in the cambial re^on in such a man¬ 
ner that the stain would naturally 
spread to form a solid band around 
the tree trunk. To meet this require¬ 
ment and to reduce the effect of 
mechanical wounding to a minimum, 
a cork-borer method of inoculation 
w^as employed {15). 

Twenty white firs growing on the 
same site were selected, 10 to be inoc¬ 
ulated and 10 to be used as checks. 
Considerable care was exercised in 
these selections to obtain check trees 
that were as nearly as possible dupli¬ 
cates of the trees inoculated. Before 
the inoculations were made, the por¬ 
tion of the stem to be inoculated 
was carefully washed with 70-percent 
alcohol. 

The method consisted of using a 
no. 3 cork borer to cut out a series 
of bark disks extending entirely 
around the tree trunk. From one- 
naif to 1 inch of bark was left between 
borings, to obviate mechanical gir¬ 
dling. The borer was forced through 
the bark down to the xylem and care¬ 
fully withdrawn containing the bark 
disk in the barrel. The inoculum, 
consisting of Trwhosporiurn symbiotic 
cum in malt agar, was deposited in 
the hole with a sterile needle, and the 
disk was immediately replaced by forc¬ 
ing it from the barrel directly into 
place with a plunger. 

After the completion of a ring of 
borings, a strip of waterproof adhe¬ 
sive tape was placed over the disks 
This held each disk in position and 
prevented as far as possible the detrimental effect of drying out. 

Since the fungus, as previously indicated by the stain spread, has 
only a limited lateral growth, it was necessary to arrange the inocula¬ 
tions in more than one ring. These were made about 2 to 3 inches 
apart, with the borings of the lower ring alternating with those of the 



Fiourk 7.- Abies concolor tree 10 months 
after inoculation with lytchosporiurn sym- 
btottcum by the cork borer method. Balsam 
has started to flow from the base of the 
girdle, which was produced by the (joale^i- 
eence of the stain. This is tree 7 in table 2. 
One-third actual size. 

and around the tree trunk. 
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rin^ directly above. In this way the uninoculated areas between the 
bonngs would be more certainly invaded by the fungus hyphae as 
th^" extended longitudinally. 

The checks were treated in the same rnanner’asjthe treesjnoculated, 
except that sterile malt agar was used instead of the inoculum. 

The results secured from the cork-borer inoculations are presented 
in table 2, along wdth other essential data. The condition of the 
trees was judged largely on the general appearance of the crowns. 
Final examinations were made 16 months after the beginning of the 
tests. Examinations of the inoculated trees were made by peeling 
off the bark from the inocula^d portions. 

Eight months after the beginning of the tests the bark adjacent to 
the inoculated areas was much cracked and there w^as a considerable 
flow^ of balsam. On several of the trees definite cankers had formed 
and callus formation had started. All of the check trees at the time 
appeared normal, and only a very slight superficial cracking of the 
bark could be detected, with no external balsam flow. By midsummer 
of the year following the initiation of these tests, some of the inocu¬ 
lated trees had failed to produce new needles and a few’^ dead branches 
could be seen in the crowns. The infected trees all showed pro¬ 
nounced callus formations accompanied by definite cankers and heavy 
flow^ of balsam from the region of inoculation. 


Table 2. -Results of cork-borer inoculations after 16 months 


Tree no. 

Diameter 

breast 

high 

Vigor 

Borings 

Bands 

Condition i 


InekfH 

Medium. 

Number 

13 

Number 

2 

Dead. 

2. 

'AH 

_do. 

11 

2 

Normal. 

3. 

5 

.do . 

13 

3 

Several dead branches. 

4_- . 


-do.. - - 

6 

2 

Dying. 

5.. 

2 ! 

Poor-- - .. 

5 

2 

Nonnal. 

«.. 

34 

Medium. 

11 

1 

Do. 

7 

3 

Poor. 

14 

2 

Dead. 

8. 

34 

Medium.. ... ... 

11 i 

2 

Normal. 

9. 

4 

_ do ... . 

12 

2 

Do. 

10.. 

44 

i 

-- -do__ 

10 

2 

Dead 


> Condition of all cheoks was normal. 


Detailed examinations of all the inoculated trees showed that the 
cambium was killed as the fungus advanced and that when the stain 
had coalesced into a solid band extending completely around the tree 
trunks an effective girdle was formed. It was also found that when 
the inoculated trees did not show indicative dead branches in the 
crown the stain had failed to coalesce in one or more places on the 
trunks; hence the girdles w^ere not complete, and the trees survived. 
It should be mentioned, however, that before any of the inoculated 
trees succumbed Scolytus beetles had attacked the trunks above the 
girdles and probably hastened the death of the trees. Figure 7 
shows the ^pearance of an inoculated tree trunk at the conclusion of 
the test. The checks remained in nonnal condition throughout the 
entire period. 

From these tests it may be concluded that Trichosporium symbiotic 
cum is definitely pathogenic. Mechanical wounds, such as those pro- 
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vided by the beetle galleries, may aid the fungus in becoming estab¬ 
lished but are not essential for the extension of the hyphae. The 
fungus, spreading ahead of the galleries in beetle-infested trees, kills 
the cambium as it advances. When the stain coalesces to form large 
areas, spreading from one gallery to^another, it produces a more 
effective girdle than would the galleries alone. 

Others have also shown that wood-staining organisms may be 
parasitic on the host. Munch (11) concluded that under certain 
conditions the bluing fungi, with which he worked, may cause the 
death of pine trees. Nelson and Beal (12), working with southern 
pine in this countiy, showed that the blue stains associated with 
Dendroctonus frontalis Hopk. may play an important part in killing 
infested trees. The organisms studied by the above workers did 
not belong in the genus Trichosporium, but other investigators have 
indicated certain of these species to bo parasitic as well. Butler (5) 
found T. vesiculosum Butl. associated with the death of casuarina trees 
in India. He found that the hyphae lie within the vessels and bore 
their way through inteiwening cell walls. In other instances, species 
of Trichosporiurn have been indicated to be parasitic, sucli as T. 
parasiticuin Deain. and Bisby (4) on Amelaiichier alnifolia Nutt, 
leaves. 

Since stain development precedes the appearance of the larvae, 
it may be that the fungus aids the brood by adjusting localized con¬ 
ditions. This seems to be particularly pertinent in isolated galleries, 
such as overcome attacks, where the host tree remains alive but the 
larvae thrive. 

The killing of the cambial region probably restricts the flow of 
balsam, or the hyphae of Trichosporiutn syrnhioticum may render 
certain food products more digestible, as shown by Heitz (S) and 
others for other fungi. The effect of the stain on moisture conditions 
may also be of particular importance, as suggested by Struble,^ since 
the larvae have never been found in unstained material. It appears 
desirable, therefore, to deteimine what effect the fungus may have on 
moisture conditions within infected areas. 


MOISTURE RELATIONSHIP TESTS 


The cork-borer method was employed again to construct a partial 
band of Trichosporiutn syrnhioticum inoculations extendiM around 
only one-quarter of the circumference of several trees. Two rings 
were spaced 2 inches apart and the borings of the lower ring alternated 
with those above, as described before. Ten wliite firs were inoculated 
in this manner, and the disks were sealed in place with adhesive tape. 

These inoculations were made in late June and were not disturbed 
for 2 weeks since a similar length of time elapses between the initia¬ 
tion of a Scolytus ventralis attack and the appearance of the first 
larvae. At that time the adhesive tape was removed and a 1-inch 
arch punch was driven through the bark between the inoculation 
rmgs and into the sapwood where the stain would be coalesced. 
In this manner a core of stained wood and overlying bark was readily 
removed fr om five inoculated trees and to prevent desiccation was 


9 See footnote 3. 

Asi ardh punch is a steel tool used in the leather trade, 
ttw lupxlto arches; hence the name. 


it has a sharp, hollow, circular blade over which 
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wrapped in tin foil before being deposited in a container which was then 
tightfy closed. Similar cores of fresh unstained wood were extracted 
ab^out an inch from the end of the inoculated areas. Since the dis¬ 
coloration does not penetrate deeper than the current growth ring, 
the specimens wore trimmed down to the thickness of one ring and 
the bark was removed before weighing. The cores were dried at 
100® C. until a constant weight was obtained for each sample, and the 
percentage of moisture was determined on a diy-weight basis. Table 
3 summarizes the comparative results of the final weighings. 


Table 3. —Comparison of moisture in stained and unstained white fir wood 2 weeks 

after inoculation 



Diame¬ 

ter 

breast 

high 

Unstained wood 1 

Stained wood 









Differ- 

Tree no 

Wet 

Dry 

Mols- 

Wet 

Dry 

weight 

Mols- 

ence in 
moisture 


weight 

weight 

ture» 

weight 

ture I 


Inches 

Ornms 

Grams 

Percent 

Grams 

Grams 

Percent 

Percent 

n . 

9 

1 321 

0 434 

204 

1.128 

0.669 

98 

-106 

12 . .- . - 

7 

1.388 

.484 

187 

618 

.320 

93 

-94 

1.1 -. 

0 

1.474 

.482 

206 

1.550 

.672 

131 

-75 

14 . 

8 

1. 753 

.699 

193 

1.788 

.760 

136 

-68 


7 

2.134 

.684 

212 

2 060 

.920 

123 

-89 

Average... 

7.4 

1.614 

.536 

200 

1.427 

.648 

116 

-84 




> Percentage of moisture based on dry weight. 


After 2 months it was found that the moisture in stained samples 
from five other white firs still averaged 88 percent less than that of 
unstained wood taken from the same trees. 

It is known that moisture fluctuates considerably in individual 
trees, depending upon the time of the day and the season, and that 
there may also be variations even in the same tree trunk, particularly 
with reference to the circumference. These percentages are, there¬ 
fore, presented as approximate rather than absolute. The fact 
remains, however, that Trichosporium symbioticum does reduce the 
moisture conditions locally and that the beetle laiwae develop where 
moisture is less than in adjacent unstained areas, since their galleries 
occur only in association with the discoloration. It is not impossible 
that the fungus may consequently render conditions more favorable 
for the successful development of v the larvae and particularly aid in 
the preservation of isolated colonies. 

CONCLUSIONS 

On the basis of the data collected, the writer suggests that the re¬ 
lationship of Trichosporium symbioticum, n. sp., to Scolytus ventralis 
Lee. may be one of mutual advantage. 

The beetle benefits, since the fungus kills the cambium as it ad¬ 
vances and thereby assists in overcoming the host tree. The fungus 
reduces the moisture content of the cambial region ahead of the 
larvae and in this way may render conditions more favorable for their 
development. 

The fungus benefits, since it is carried by the beetles to new and 
suitable substrata, presumably otherwise unattainable, where it is 
able to maintain and reproduce itself. The association appears to be 
symbiotic. 
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SUMMARY 

A fungus has been frequently isolated from a number of brown-stained 
areas associated with ocolytus ventralis Lee. galleries. The isolated 
organism has been determined as Trichosporium symbiotieumj n. sp. 

The stain is regularly associated with S. ventralis galleries in wliite firs 
and has always been observed to precede the appearance of the larvae. 

S. ventralis adults carry T. symbioticum, mostly epizoically, and in tliis 
way presumably spread the fungus from infected to noninfected trees. 

A cork-borer method of inoculation has shown that T, symbioticum 
is definitely pathogenic and capable of killing the cambium as it 
advances. In this way it may aid the beetles in overcoming the host 
trees. The hypliae, spreading ahead of the larvae, reduce tlie mois¬ 
ture content of the areas in which the larvae extend their niines. 

The regular association of T, symbioticum with S, ventralis appears 
to be one of mutual benefit and suggests a symbiotic relationship. 
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A COMPARATIVE STUDY OF CERTAIN MORPHOLOGICAL 
CHARACTERS OF SUGARCANE X SORGO HYBRIDS ‘ 

By B. A. Bourne 

Plant physiologist, Florida Agricultural Experiment Station 

INTRODUCTION 

Breeding work was initiated by tiie writer (S, Bept. 45Y in the fall 
of 1930 for the special purpose of obtaining crosses between sugar¬ 
cane, Saccharum qfficinarum L., and sorgo (sweet soi^hum), Holms 
sorghum L. var. saccharatus (L.) Bailey. Earlier in the same year 
Thomas and Venkatranian (14) announced that they had succeeded 
in securing crosses between sugarcane and Sorghum durra Stapf. 
The first attempt to obtain crosses in Florida proved unsuccessful 
and led to a detailed study of the mechanics of cross-pollination under 
local conditions, the main results of which will be reported briefly. 
Since sugarcane blooms in this hemisphere only when daily illumina¬ 
tion is short, starting usually in late November or early December 
and lasting until late February, this intergeneric cross can only be 
effected each year during this particular period in the annual cycle. 

During the flowering season of 1931-32, the cross was again at¬ 
tempted. (^ertain information gained in the previous trials was 
used, and approximately 145 hybrids were secured, only 69 of which 
were actually set in the field for growth to maturity, as previously 
reported by the writer (3, Rept. 4(1)- Six of those set in the field 
failed to reach maturity, so that only 63 were available for study, 
24 being of the cross P. (). J. 2725 sugarcane X Texas Seeded Ribbon 
sorgo, and 39 of the cross P. O. J. 2725 sugarcane X Early (Kansas) 
Orange sorgo. 

During the flowering season of 1932-33 the crossing w'ork was 
repeated, and appro.xiiuately 200 hybrids were secured. Of these, 
84 of the cross P. O. J. 2725 sugarcane X Texas Seeded Ribbon sorgo 
and only 6 of P. O. J. 2725 sugarcane X Sugar Drip Sorgo reached 
the potted stage and were planted in the field. Further deaths in 
the field reduced the total number of hybrids reaching maturity in 
this series to 65. 

It is therefore seen that the total number of hybrids grown to 
maturity was 128 from a total population germinated in the seed bed 
of 345, or only 37 percent. The majority of the young plants, in¬ 
cluding a number of albino types, died shortly after germination, 
apparently due to genetic weakness or incompatibility. 

During the flowering season of 1931-32, the reverse cross—Texas 
Seeded Ribbon sorgo (female) X 0. P. 27-35 ® (male) sugarcane was 
attempted. In this trial, 97 sorgo flowers were carefully emasculated 
just before the spikelets reached maturity, and dusting with sugar- 

< Received for publication July 19,1934; issued May 1935. 

> Reference is made by numb^ (italic) to Literature Cited, p. 551. 

> A male parent having an abundance of healthy iKillen. This sugarcane is a cross between D. 74 (female) 
X U. S. 1694 (male), produced by the writer at the U. 8. Sugar Plant Field Station at Canal Point, Fla., 
in 1927. 
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cane pollen was carried out in an isolated area free from sorgo pollen. 
This single reciprocal crossing trial, however, resulted in failure. 

MATERIALS AND METHODS 

In the main, the hybrid material used for the studies here reported 
consisted of crosses between P. O. J. 2725 sugarcane (female) X 
Texas Seeded Kibbon sorgo (male). The plants were grown on 
Okeechobee muck soil adjacent to plots of the parental typos at 
Lake Harbor, Fla. The age of the hybrids and of P. O. J. 2725 
sugarcane grown for comparison was approximately 1 year from the 
germination of seeds and cuttings, respectively. The sorgo plants 
grown for comparison, however, were almost 4 months old from seed 
planted in the fall and grown during the cool, dry winter months 
when the daily illumination is short. Comparisons have not been 
made of hybrids with sorgo plants grown during the warm, moist 
spring and summer nionths when the daily illumination is long. 

The sugarcane variety P. O. J. 2725, used as a female parent in 
the hybridization experiments was previously found to be almost 
completely male sterile in repeated trials. Occasionally 1 or 2 seed¬ 
lings have been produced per tassel under conditions where cross- 
pollination was impossible. 

Physiological studies on the germination of sugarcane and sorgo 
pollen were conducted similar to those on sugarcane pollen by Outt 
and Ganapathi Ayyar {6) and Weller {16), It was found that the 
best artificial medium on which to gcrniinate sorgo pollen at 23° C— 
the temperature at which all comparative trials were made—consisted 
of 34 g of sucrose, 66 g of distilled water, and 0.3 g of agar. The 
medium when made up had a reaction of pH 5.6. Weller {16) found 
that the best artificial medium for the germination of sugarcane pollen 
in Hawaii consisted of sucrose 25.0 g, water 100.0 cc, and agar 0.35 g. 
This medium, which contains 19.5 percent sucrose, was found to ger- 
ininate the pollen of several varieties of sugarcane grown locally. 
Since the medium used by Dutt and Ganapathi Ayyar {6) for ger¬ 
minating sugarcane pollen contained 26 percent sucrose and 0.7 
percent agar, it would appear that tne optimum medium for the ger¬ 
mination of sugarcane pollen varies according to the climatic condi¬ 
tions under which the plants are grown. The data also suggest that 
even different sugarcane varieties may have different medium pref¬ 
erences under uniform external environmental conditions. A com¬ 
parison of the results with the germination of sugarcane pollen from 
India and Hawaii would also tend to explain the success with the 
intergeneric cross between sugarcane and sorgo in the former country, 
since it is evident that sugarcane stigmas in India have an osmotic 
pressure very much nearer the optimum for sorgo pollen germination 
than in either Hawaii or this part of Florida. 

Basing calculations on the researches of Frazer and Myrick (7) on 
the osmotic pressure of sucrose solutions, it was found that the medium 
suitable for the germination of local sugarcane pollen at 23° C. has an 
approximate osmotic pressure of 18.5 atmospheres and that for sorgo 
pollen, 41.5 atmospheres. The experimental evidence indicates 
clearly, therefore, that for success in effecting cross-pollination of 
sugarcane and sorgo, the medium on the sugarcane stigmas should 
have its osmotic pressure more than doubled in order to provide an 
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ideal physical environment for the sorgo pollen to germinate under 
local conditions. 

In all the germination studies with local sorgo pollen it was found 
that while good germination was secured with cells shed between 6 and 
8 a. m., the percentage of fjermination fell off rapidly after 8 a. m. 
Although no actual germination trials were reported by McIntosh {12), 
this author showed that the optimum period for pollen shedding of 
sugarcane in Barbados is between 7 and 8:30 a. m. This period agrees 
fairly well with that at which sorgo pollen germinates best locally. 

For effecting cross-pollination between sugarcane and sorgo, the 
sugarcane tassels were bagged from late evening until about 10 a. m. 
each day throughout the flowering period, so as to exclude rain and 



Fkji’RE 1. - -General view of a portion of seedling field show'ing hybrids of P O. J. 2725 sugarcane X Holms 
norghnm var saccharatus. Age of plants about 1 year from the germination of seed. In the back ground 
at the left is a sugarcane plot which has arrowed. 

dew and prevent reduction in osmotic pressure of the stigma fluid. 
The sorgo pollen was dusted on the tassels under the bags between 
6 and 8 a. m. After the pollination period of about 10 days was over, 
the sugarcane tassels were allowed to ripen normally in the open, this 
operation usually requiring approximately 4 weeks. 

For germinating the mature seeds, only steam-sterilized muck soil 
and flats were employed, and the most favorable conditions of 
moisture, temperature, and greenhouse protection were provided. 

The method of selecting, preparing, and staining epidermal material 
for anatomical characters was essentiallv the same as that used by 
Artschwager (f). The staining of the epidermis of the stem of sorgo 
with chloroiodide of zinc had to be performed under cover glasses 
because of the marked tendency of films to curl rapidly. 

In order to obtain an estimate of the variance occurring among 
hybrid pojiulations and parent plants in those factors studied, a 
determination was made of the standard error of the means with a 
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view to providing evidence of significance wl^ere this occurred. The 
usual formula, was used in all the calculations reported. 

COMPARISON OF GENERAL CHARACTERS OF P. O. J. 2726 SUGAR¬ 
CANE X TEXAS SEEDED RIBBON SORGO HYBRIDS WITH THEIR 
PARENTS 

Figure 1 gives a general view of a portion of a seedling plot of 
sugarcane X sorgo liybrids (P. O. J. 2725 sugarcane X llolcus sorghum 



FiCiURK 2.—Ono of the best selections of the cross P. O. J. 2725 sugarcane X Texas Seeded Ribbon sorgo 
in bloom. This is selection F. 32-47. 


var. saccharatus) about a year after the germination of the seed. In 
general appearance these resemble the hybrids between P. O. J. 
2725 sugarcane X Sorghum durra produced by Venkatraman and 
Thomas {15), As may be observed, a majority of them are dwarfed 
types which do not appear promising for commercial utilization. 
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Only about 3 pjercent showed enough vigor and field characters of 
suflficient promise to be considered for further trials. One of the 
t^pes, selection F. 32-47, selected for propagation and testing, is 
shown in figure 2. About 1 percent of the population consisted of 
types which could not be distinguished from true sugarcane seedlings. 
These latter might have been produced either parthenogenetically 
or through normal selfing. 

WIDTH OF LEAVES 

Venkatraman and Thomas {15) have already noted certain char¬ 
acters, such as shortness, softness, and light green color of leaves 
of liybrids between P. O. J. 2725 sugarcane and Sorghum durra. 
Considerable variation was noted in regard to these same characters 
among tlie progeny of P. (). J. 2725 sugarcane X Holcus sorghum 
var. saccharatus, representing almost a complete series from one 
parent to the other. Leaf width was studied in a population of 
59 crosses between P. (). J. 2725 sugarcane and Texas Seeded Rib¬ 
bon sorgo. The number of progenies having leaf widths falling 
in eight groups is recorded in table 1. The modal class of progenies 
occurred in tlie 4.5-cm group. The average of all progenies was 
4.95±0.17 cm, while the average leaf width of P. O. J. 2725 sugar¬ 
cane and Texas Seeded Ril)bon sorgo planted on the same soil type 
and at the same time was S.2±().31 cm and 2.8±().07 cm respectively. 
Tims the average widtli of the leaves of the hybrid progeny is not 
significantly greater or loss tlnin the average of the two parents. 


Tabi,k 1. —Grouping of hybrids between P. O, J. 27^5 sugarcane and Texas Seeded 
Ribbon sorgo according to leaf width ^ {59 hybrids ), height * {58 hybrids ), and 
stem width {49 hybrids) 

LEAF WIDTH 


Item 


ProKcny. 


Number falling m class (cm) indicated 


1 T.") 

2 r> 1 3 .*) 

4 5 

5 r> 

r> ,»> 

7 5 

8.5 

1 


22 

14 

7 

3 

1 


HEKllIT 



10 30 

50 

70 1 

00 

no 

130 

150 

170 

1 _ 

190 

210 

230 

260 

270 

Progeny. - 

1 

'^1 

0 

13 i 

7 

3 

4 

1 

2 

1 

1 

0 

0 

1 

1 

0 

1 


STEM WIDTH 


Progeny.. ... .. 

1.25 

1.75 

! 

2.25 

2.75 

3.25 

6 

18 

10 

12 

3 



I Measurements made in the middle of blade at point giving the maximum width; approximately 10 
leaves of each hybrid Avere measured. 

3 Average of all primary shoots measured from base to sheath-blade joint of the first expanded apical leaf. 

HEIGHT OF PLANTS 


It has already been noted that the majority of the sugarcane X 
sorgo hybrids that grow are rather stunted and not commercially 
promising in appearance. In order to gain a better idea of the varia- 

135850-36-5 
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bility within a population of a given cross, the height of 58 progenies 
of P. O. J. 2725 sugarcane X Texas Seeded Ribbon sorgo was studied 
when the plants had matured, which was about 1 year after the 
germination of the seed. The height of all the primary shoots was 
found by measuring from the base to the sheath-blade joint of the 
first expanded apical leaf. The number of plants falling in 14 groups 
and the modal class are recorded in table 1. 

The results show that the modal class of progenies, or 31 percent, 
fell in the group of 30 cm height. The next largest percentage (22 
percent) fell in the group of 70 cm. Variations from 15-280 cm were 
recorded, the average of all 58 progenies being 75.7 ±6.7 cm. 

Texas Seeded Ribbon sorgo grown at the same time and on the 
same soil type (growth period from October to February) averaged 
150.0± 5.3 cm in height when in bloom. Normal P. O. J. 2725 sugar¬ 
cane, as first crop or plant cane of the same age as the hybrids and 
growing on the same soil type in an adjoining plot, averaged 316.0 
± 13.8 cm in height. Thus the average height of the two parents was 
nearly three times that of the average of the 58 progenies resulting 
from the crossing of these parents. Had the sorgo for this cojuparison 
been grown in the spring and summer, instead of fall and winter, when 
opposite conditions of moisture, temperature, and duration of daily 
illumination occur, very different results, and results of even greater 
significance, might pronably have been obtained. 

DIAMETER AND OTHER CHARACTERS OF STEMS 

There is almost a complete series of variations in stem characters 
among the hybrids, ranging from those resembling sugarcane to 
those resembling sorgo. Stalk diameter, shape of bud, width of root 
band, and depth and extent of bud grooves on the stem internodes 
vary to a considerable extent. Typical variations in all of these 
characters are shown in figure 3. The bud groove on the internode, 
a very prominent character of the sorgo parent only, appeared to be 
one of tne most dominant characters. Among 47 progenies of P. (). 3. 
2725 sugarcane X Texas Seeded Ribbon sorgo, 41 exhibited marked 
grooves, while only 4 showed slight grooves and 2 showed none. 

A study was made of 49 progenies of P. O. J. 2725 sugarcane X 
Texas Seeded Ribbon sorgo with regard to diameter of stalk midw^ay 
between the apex and base. The number of progenies falling in each 
of five groups is recorded in table 1. The modal class occurred in the 
1.75-cm group. The average of all 49 progenies was 2.23±0.08 cm, 
while that of P. O. J. 2725 sugarcane was 3.23±0.05 cm and that of 
Texas Seeded Ribbon sorgo was 1.26 ±0.07 cm. The average for the 
two parents was 2.24±0.12 cm. Thus, the stalk diameter of the 
progeny of this cross was, on an average, intermediate between that 
of the two parents, with some extremes occurring in the groups 
nearest sugarcane and some in the groups nearest sorgo. 


PECUr,IARITIES OF INFLORESCENCES 


As m the case of supircane, h3’^brids which ‘‘boented ‘‘or bloonjed 
did so only during that period in the annual cycle in which daily 
illumination was short. Relatively few hybrids have so far produced 


^/**T^*® *,^®*^*” frequently used in supreane literature when referring to the tapered or spiked appearance 
Of Uie apical grovring point of the stalk prior to the emergence of the inflorescence. 
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Figure S.—Middle stalk portions of four sugarcane X sorgo hybrids: A, F. 31-61 (P. 0. J. 2726 X Early Or 
ange); B, F. 31-6; C, F. 31-10; A F. 31-13 (P. O, J. 2726 X Texas Seeded Ribbon). The first two have very 
shallow furrows which extend about halfway between nodes as in the case of the sugarcane parent P. O. 
J. 2726. The last two have narrow but very de^ furrows, which frequently extend from node to node 
as in the case of the sorgo parent, Texas Seeded Ribbon sorgo. 
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inflorescences, although many have boented during the past two 
tasseling seasons. Typical blooms of four different hybrids are shown 
in figure 4. Among these, the strain F. 31-13, resulting from the 
cross P. O. J. 2725 "sugarcane X Texas Seeded Ribbon sorgo (figure 
4, (7), grown in 1932, showed many of the interesting characters 
reported by Venkatraman and Thomas {15) for certain seedlings of 
the cross P. O. J. 2725 sugarcane X Sorghum durra. These authors 
mention that 22 percent of their hybrids that arrowed showed an 
awned fourth glume as well as such abnormalities as aborted or mul¬ 
tiple ovaries and pistils with a single stigma or with four stigmas. 
So far as the writer is aware, this is the first record of a four-stigma 



Fioube 4 Blooms of four sugarcane X sorgo hybrids. A, Tassel of F 31-30 (P. O. J. 2725 sugarcane X 
Early Or^ge sorgo), i?, tassel of F. 31-10 (P. O. J. 2725 sugarcane X Texas Seeded Ribbon sorgo); C\ 
^sml of F. 31-13; n, tassel of F. 31-29, both C and D being P. O. J. 2726 sugarcane X Texas Seeded 
Ribbon sorgo. 


floret or of a multiple ovary among those members of the Gramineae 
which possess uniflorous spikelets. Hitchcock, in Gray^s New 
Manual of Botany (S), records only the rare occurrence of 1 to 3 styles 
to the pistil among the Gramineae and apparently has never observed 
any variation whatever from the single pistil with its one-celled, one- 
ovuled ovary in each floret. 

The occurrence of multiple ovaries is to be distinguished from 
true polj’^embryony, an instance of which has recently been noted 
by Dutt {5) in a cross between two sugarcanes. 

Stratton (fS) has shown that while each spikelet in^Zea mays 
normally bears two flowers, one functional and the other aborted, in 
Z, mays var. polysperma^ both flowers may function to produce either 
a pair of separate connate seeds (kernels back to back) or scmiconnate 
seeds. A condition ol abnormal spikelets similar to that in Z. mays 
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var. polysperma has also been noted hy Karper {11) in the case of 
Andropogon sorghum^ good evidence beino: furnished that the extra 
kernels arose from additional functional flowers within the spikelet. 
It should be noted especially, however, that Karper recorded spikelets 
with twin seeds, coalesced twin seeds, and triplet seeds among several 
varieties of grain sorghum, but did not find any multiple-seeded 
spikelets among sorgo varieties. The presence of multiple seeded 
spikelets in both Z. mays var. polysperma and A, sorghum should not 
be confused with the situation occurring in the hybrid F. 31-13, 
however, for in the latter case, each spikelet is uniflorous, exactly as 
in sugarcane, and does not possess additional aborted flowers, so that 
a multiple ovary, or a biovaried condition, as well as the occurrence 
of three or more styles or stigmas to the floret must be regarded as 
being especially significant. 

Structure of Spikelets of Parents 

In P. O. J. 2725 sugarcane, two uniflorous spikelets are alternately 
placed at the nodes of the rachis, one being sessile and the other 
stalked. Both spikelets are oblong and lanceolate and possess tufts 
of long, silky hair at their base. A cross section of a spikelet of 
P. O. J. 2725 sugarcane, illustrated in plate 1, J?, also shows that 
this variety is normal and identical in structure with many varieties 
of Saccharum qffieinarum. There are present an outer anci an inner 
glume, a sterile lemma (third glume), fertile palea, 2 thick lodicules, 
3 stamens, and a single ovary. The fertile lemma (fourth glume), 
mentioned by Artschwager et al. (/) as being present in the hybrids 
of S. sfyonianeum^ is absent, in spite of the fact that this variety has 
approxiiiiately one-eighth S. spontaneum blood (10). In the Andro- 
pogoneae, the tribe in which sugarcane is placed, Jeswiet (.9) states 
that the fourth glume (g 4 ) is very rarely missing and is also generally 
present in the genus Saccharum^ although in a great many varieties 
of S. officimrum it is absent. 

The structure of the spikelet in Texas Seeded Ribbon sorgo has 
been described by Cowgill (4). The fertile spikelet in this variety 
has outer and inner glumes, sterile lemma, fertile lemma with awn 
medium in length and somewhat loosely twisted, 2 lodicules, a fertile 
palea, 3 stamens, and a single ovary. As compared with sugarcane 
spikelets, those of all sorgo varieties have a much greater diameter. 

Structure of Spikelets of Hybrid F. 31~13 

Like sugarcane, the hybrid F. 31-13 (P. O. J. 2725 sugarcane X 
Texas Seeded Ribbon sorgo) has two uniflorous spikelets alternately 
placed at the nodes of the rachis, one.sessile and the other stalked. 
The spikelets are oblong and lanceolate and possess tufts of long, 
silky hairs at the base. As recorded by Venkatraman and Thomas 
{15) for 22 percent of their sugarcane X sorghum hybrids that arrow ed, 
F. 31-13 showed an awned fourth glume or fertile lemma, as illustrated 
in plate 2, A, The awn is characteristically curved and is distinctly 
longer than the fertile lemma. While many flowers possess 2 purplish 
stigmas, very frequently 3 and 4 (pi. 3, A] R), and occasionally even 
5, stigmas occur. Spikelets (uniflorous) with 4 or 5 stigmas possess 
two distinct ovaries, as illustrated in plate 3, A. Serial microtomic 
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sections show that when a biovaried condition occurs, one ovary may 
have its ovule wanting (pi. 2, 5). In addition to the foregoing parts, 
this hybrid has outer and inner glumes, a sterile lemma, a fertile 
palea, 2 lodicules, and 3 anthers (stamens), as shown in plate 1, A, 
While in sugarcane the sterile lemma has been noted by Jeswiet (5) 
to be mostly without nerves or vascular bundles, and Artscliwager 
et al. {2) state that the fertile lemma, if present, has no vascular 
elements, both the sterile and fertile lemmas of the hybrid P. 31-13 
are nerved (pis. 1, A, and 2, .A). The palea, however, is without vas¬ 
cular elements, which is in accord with the condition existing in the 
genus Saccharum. No flowers were observed to possess more than 
3 anthers, even though they had more than 2 styles and stigmas 
as well as 2 ovaries. 

Venkatranian and Thomas (15) mention that the glumes of P. O. J. 
2725 sugarcane and its sugarcane hybrids as well as S. spontaneum 
are awnless, whereas Sorghum durra possesses a distinctly awned 
fourth glume. The same condition of an awned fertile lemma or 
fourth glume exists in Holcus sorghum saceharatuSf variety Texas 
Seeded Ribbon, and it is therefore not surprising that the hybrid V. 
31-13 exhibits this character. Jeswiet 09) records the frequent 
occurrence of a shorter or longer awn or needle among the Andropo- 
goneae. He states that sometimes this needle is all there is and it 
may vary in length from a fraction of a millimeter to more than a 
decimeter, 

Plate 1, Af B, shows the diameter of the spikelet of the hybrid F. 
31-13 to be significantly greater than that of the sugarcane parent 
P. 0. J. 2725, undoubtedly due to the influence of the large diameter 
of the spikelets in the sorgo parent, Texas Seeded Ribbon. 

The vascular system of the rachis in sugarcane below the cushion 
joint has been shown by Artscliwager et al. (!2), in the case of 1 
variety, to consist of 2 large bundles toward the center and 3 smaller 
ones toward the outside. In the hybrid F. 31-13, when 3 styles, 
3 stigmas, and a single ovary are present, there are 5 smaller bundles 
in addition to the 2 larger bundles. 

It has also been noted that the vascular system of the ovary wall 
of the hybrid F. 31-13 indicates clearly the number of styles and 
stigmas bonie by the spikelet. In sugarcane, Artscliwager et al. {2) 
note that the ovary wall has two fine lateral vascular strands running 
longitudinally through it. These, of course, are the strands which 
connect with the 2 styles and stigmas in the normal flower. In the 
hybrid F. 31-13, however, while the normal 2-stigma flower possesses 
2 distinct vascular strands (pi. 1, A) in the ovary wall, the 3-stigina 
liorets have 3 vascular strands in the ovary wall, and flowers having 
5 stigmas have 2 ovaries, one with 3 and the other with 2 vascular 
elements (pi. 2, i?). 

CELL STRUCTURE OF STEM EPIDERMIS OF SEVERAL SUGARCANE 
X SORGO HYBRIDS AND THEIR PARENTS 

Owing to the great constancy of stem epidermal anatomical charac¬ 
ters among different sugarcane varieties and their value for identifi¬ 
cation purposes (/), it was thought that a study of the influence of 
these parental characters on the hybrid progeny would prove of in- 
terest. Consequently, a detailed study was made of the stem epi- 
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[, Cross section of normal spikelet of the hybrid F 31-13, showing fl, Fertile lemma, ig, inner glume; si, sterile lemma, og, outer glume; p, palea; lod, lodicule; ow, ovary wall 
with two vascular strands; o, ovule, and si, stamen, x 105 b. Cross section of spikelet of P O. J 2725 sugarcane, showing lod, Lodicule, ig, inner glume: og, outer glume; 
0 , ovule; ow, ovary wall, stl, sterile lemma, and p, palea x 105 Note the greater diameter of the sugarcane X sorgo hybrid spikelet as compart wuth that of sugarcane. 
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1, Abnorriial floret of the hybrht F 31-13 showing two ovaries, four hl.\les and stiftmas: s, Slipnia, 
f, anther fUanient, sty, style, p, nalea; and o, ovary X 1« /i, Abnormal pistil of the hybrid F. 31-13 

showiiiB ftn ovary ith three styles and stipmat) X 19 
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Anatomical structure of epidermis of stems of sugarcane, sorgo, an<l several hybrids between the two parental 
types. P. 0. J. 272f) sugarcane, B, Texas Seeded Ribbon sorgo; C, hybrid F. 31-29; J), hybrid F. 31-33 
(note frequent occurrence of solitary cork cells), E, hybrid F, 31-13; F, hybrid F. 31-6. All X 214. 
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dermal anatomy of P. O. J. 2725 sugarcane, the two sorgo varieties, 
Texas Seeded Ribbon and Early (Kansas) Orange, and of several 
hybrids between each of the sorgo varieties and P. O. J. 2725 sugar¬ 
cane, selected entirely at random. The results of this study are 
summarized in table 2. 


Table 2 .—Epidermal characters of stem of sorgo^ sugarcanet and several hybrids 

between these S grasses 


Variety > 

Average 
width 
of cells 

6hort*cell 
groups 
per square 
milli¬ 
meter 

Stomata per 
microscopic 
field > 

Pointed elon¬ 
gated cork cells 

Solidary cork 
cells 

Solitary 

silica 

cells 

Texas Seeded Kibi)on 

M 

12 1 

Number 

3 545rt25 

Number 

27 04r0.10 

Absent. 

Abundant-. .. 

Rare. 

sorgo 

Early Orange sorgo . 

10 7 

1.03;i±27 

95 OrfcO 1 

_do_ 

Absent. 

Absent. 

1* (J. J. 2725 sugarcane - - 

8 4 

«25db24 

2.8±0 62 

Very abundant 

Very abundant. 

Rare. 

F. 3l-« . _ 

11.7 

1.320drn 

2.8rb0.9 

Present- _ 

Rare. . _ 

Do. 

F 31-10 . 

10 3 

800d:38 

1 - 

S(!arce.. 

_do. 

Do, 

F. .31'13_ _ 

10 5 

920±00 

5.,5d:l 4 

Absent _ 

_do_-. 

Do. 

F. 31-29 -. 

10.4 

1. 512rfc7fi 

36 OrtO. 94 

-- ._do -- 

-- --do_ 

Absent. 

F. 31 3,3_ 

10. 1 

9.50^31 

13 4±2.5 

Scarce_ - 

Very abundant. 

Rare. 

F. 31-40 .... 

11.2 

1, Ug):±;(i2 

5. 2dr2.0 

Absent. 

Rare. 

Do. 

F, 31-fiL. 

10.0 

850rfc00 

2.5.5db0.35 

Present-- 

Abundant - 

Absent. 


‘ F. 31-6, '10, and -13 are hybrids between Texas Seeded Ribbon sorgo (male) and P. O. J. 2725 sugar* 
cane (female) Other F. 31 numbers are hybrids between Early (Kansas) Orange (male) and P. O. J. 
2725 (female) 

* Ocular X 10 and Ift-mm objeclive, or 1 9 mm * 

» Standard error of the mean of not less than 6 determinations. 

The average width of the cells of P. O. J. 2725 sugarcane (pi. 4, A) 
is unusually small (8.4 p), in this respect resembling the sugarcane 
varieties D. 74 and Chunnee. The number of stomata (2.8 ±0.62) 
per microscopic field is also small in this variety as compared with 
the number in the two sorgo varieties crossed >\Tth it, although such 
an occurrence is not at all unusual among sugarcane varieties. The 
great abundance of pointed, elongated cork cells in P. O. J. 2725 
sugarcane and the complete absence of these in both of the sorgos, 
however, give contrasting characters of value for inheritance studies 
among the hybrid progeny. 

The average widths of cells in the hybrid progeny F. 31-6 (pi. 4, F), 
F, 31-10, and F. 31-13 (pi. 4, F), crosses between P. O. J. 2725 
sugarcane and Texas Seeded Ribbon sorgo, are all intermediate be¬ 
tween those of the two parents. Similarly, the average widths of 
cells of the hybrid progeny F. 31-29 (pi. 4, (7), F. 31-33 (pi. 4, Z>), 
and F. 31-61, crosses of P. O. J. 2725 sugarcane and Early Orange 
sorgo, are also intermediate between the two parents, F. 31-40 
being the only one in this group with average cell width greater than 
that of Early Orange sorgo, the male parent. 

In number of short-cell groups per square millimeter, all of the 
hybrids of both crosses were significantly greater than P. O. J. 2725 
sugarcane, even though the Texas Seeded Ribbon sorgo parent 
(pi. 4, B) had less than P. O. J. 2725, the sugarcane parent. The 
fact that F. 31-6 had more than the sum of the tw^o parents and F. 
31-29 and F. 31-40 more than either parent, is also significant. 

The number of stoxnata per microscopic field (1.9 mm®) is very 
high in both sorgo parents, especially in Early Orange. The average 
number of stomata per field among the four hybrids of P. O. J. 2725 
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sugarcane X Early Orange sorgo is 20.0±1.4, while the average of 
the three hybrids of P. O. J. 2725 X Texas Seeded Ribbon sorgo is 
only 3.1 ±1.1, showing the apparent dominance of the large number 
of stomata in Early Orange sorgo. 

Pointed, elongated cork cells were very abundant in P. O. J. 2725 
sugarcane and absent in both sorgo parents. These peculiar cells 
were never found very abundantly in the hybrids. More than half 
of the seven types examined had them, but in many cases they were 
rather scarce. 

Although solitary cork cells arc somewhat abundant in Texas 
Seeded Ribbon sorgo and very abundant in P. O. J. 2725 sugarcane, 
these cells occurred rarely in all three of the plants of this cross. 
On the other hand, although these solitary cork cells wore absent in 
Early Orange sorgo, they were rather abundant in half of the hybrids 
with P. O. J. 2725 sugarcane, particularly in F. 31-33 (pi. 4, I)). 

The occurrence of solitary silica cells in the hybrids is in accordance 
with expectations. All the hybrids of P. O. J. 2725 sugarcane X Texas 
Seeded Ribbon sorgo had tnem rarely, as did both parents, while 
in the case of hybrids of P. O. J. 2725 sugarcane X Early Orange 
sorgo, which lacks these cells, 50 percent had none and in 50 percent 
they occurred rarely. 

SUMMARY 

A brief review is given of the successful efforts to secure sugar¬ 
cane X sorgo hybrids in Florida since 1930. 

Some of the essentials for success in crossing sugarcane and sorgo 
in the Florida Everglades are pointed out; these are based on physio¬ 
logical studies of both sugarcane and sorgo pollen. 

Of 345 hydrids produced thus far, only 128 have been raised to 
maturity. About 3 percent of these have sliown enough vigor to 
warrant further field trials. 

A comparative study has been made of the parents and liybrids 
as to leaf width, diameter of stem, height of plant, type of inflores¬ 
cence and flower structure, when grown simultaneously under the 
same environment. 

The hybrids of P. O. J. 2725 sugarcane X Texas Seeded Ribbon 
sorgo were, on an average, intermediate between the parents in leaf 
width and stem diameter. The hybrid plants showed a wide varia¬ 
tion in height, but tlie average height was significantly less than that 
of either parent. 

The hybrid F. 31-13 showed several flower structures which were 
not found in either parent. The most conspicuous of these are an 
awned fertile lemma, 2 ovaries, and 3, 4, and even 5 styles and stig¬ 
mas to the floret. 

The average width of epidermal cells of the stems of hybrids result¬ 
ing from crosses between P. O. J. 2725 sugarcane and Texas Seeded 
Ribbon sorgo and betw^een P. O. J. 2725 sugarcane and Early Orange 
sorgo, is intermediate betw^een those of the parents, in the majority 
of cases investigated. 

All of the hybrids of both crosses investigated had a greater number 
of short-cell groups per square millimeter of the stem epidermis than 
the sugarcane parent P. O. J. 2725, even when the sorgo parent 
had fewer than the sugarcane with which it was crossed. One hybrid 
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had significantly more short-celled groups than the sum of the 2 
parents, and 2 ^brids had more than either parent. 

The average number of stem stomata per microscopic field of hy- 
brids of P. O. J. 2725 sugarcane and Early Orange sorgo was sigmf- 
icantly greater than that of hybrids of P. O. J. 2725 sugarcane and 
Texas Seeded Ribbon sorgo. This is attributed to the very large 
number of stem stomata per unit area in Early Orange sorgo. 

Pointed, elongated cork cells were not abundant in the stem epi¬ 
dermis of any of the hybrids examined, these cells being absent in 
both sorgo parents but occurring very abundantly in P. O. J. 2725 
sugarcane. 

Solitary cork cells occurred rarely in the stem epidermis of all three 
of the hybrids of P. O. J. 2725 sugarcane X Texas Seeded Ribbon 
sorgo, although they were abundant in both parents. Onthe other 
hand, half of the hybrids of P. O. J. 2725 sugarcane X Early Orange 
sorgo had an abundance of solitary stem epidermal cork cells, although 
these cells were absent in Early Orange sorgo. 

P. O. J. 2725 sugarcane, Texas Seeded Ribbon sorgo, and all the hy¬ 
brids between these two parents rarely exhibited solitary silica 
cells in the stern epidermis. Fifty percent of the hybrids between 
P. O. J. 2725 sugarcane and Early Orange sorgo rarely showed solitary 
silica cells in the epidermis; the other 50 percent of the hybrids and 
the Early Orange sorgo parent lacked these cells entirely. 
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THE EFFECT OF MAGNESIUM DEFICIENCY ON 
CROP PLANTS' 

By A. B. Beaumont, professor of agronomy, and M. E. Snell, technical assistant 
in agronomy, Massachusetts Agricultural Experiment Station 

INTRODUCTION 

In 1891 a field experiment was started at the Massachusetts Agri* 
cultural Experiment Station for the purpose of testing fertilizers for 
com (Zea mays L.). From 1891 to 1929 the cropping system varied 
somewhat, but for most of this period it consisted of a short rotation 
of corn and grass; 2 years of com followed by 2 years of mixed 
grasses. During tliis period plant nutrients were suppUed solely by 
commercial fertilizers, and none of these carried appreciable amounts 
of magnesium. One-half the experimental field received lime in 1907 
and again in 1921. No record was made of the magnesium content 
of the lime, although it was no doubt appreciable. The soil is a well- 
drained sandy loam with a gravelly subsoil of the Merrimac series. 
Variations in topography and mechanical composition combine to 
produce heterogeneous soil conditions which cause results in dry 
seasons considerably different from those in wet seasons. 

Chlorosis was first observed in the leaves of com grown on this field 
about 1920. By means of experiments conducted during the period 
1924-28 Jones proved that this cldorosis was due to a deficiency of 
available magnesium in the soil. In 1929 a new experiment was 
started on the same field for the puri)ose of detennining the relative 
response of the more common crop plants to the deficiency of mag¬ 
nesium, and to observe and record the plant symptoms produced by 
this deficiency. 

PROCEDURE 

From 1929 to 1934, inclusive, 17 varieties of crops were grown. In 
addition, tobacco had been grown in the earlier period, and red clover 
and alfalfa were grown in pots filled with soil taken from the magne¬ 
sium-deficient section of the experimental field. 

Prior to 1929 the fertilizer trefirtments of the four plots into which 
the field was divided varied considerably. Details of these treatments 
were reported in an earlier publication.® Beginning with 1929, the 
field was given annual applications of a 5-8-7 * fertihzer, but the rate 
at which tlus was used varied with the crop grown. Lime and 
magnesium treatments cut across the original fertilizer plots. The 
fertilizer, lime, and magnesium sulphate treatments for the period 
1929-34 are given in table 1. The identity of the original plots was 

1 Received for publication Jan. 21,1935; issued May 1935. Published as contribution no. 212 of the 
Massachusetts Afnricultural Experiment Station 

» Jones, J. P. deficiency of magnesium the cause of chlorosis in corn. Jour. Agr. Research 
39:873<892, Ulus. 1929. 

> Jones, J. P. See footnote 2. 

< Figures refer to the iiercentage of N, available PiOi, and water-soluble KsO. 
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preserved, and it was found that previous fertilizer treatments 
affected the yield of crops during the last period. From 5 to 10 
varieties of crops were grown on each of the original plots, thus giving 
four replicates ® of each variety. Individual plots varied from one 
three hundred and twentieth to one-eightieth acre in size. The 
original plots were given cross treatments of technically pure mag¬ 
nesium sulphate as shown in table 1. Field corn, variety Rustler's 
White Dent, which normally produces husking ears in this locality, 
was grown on each plot each year, and thus served as a standard for 
comparison with other crops. Counts of chlorotic corn plants were 
made each season. 

Table 1. — Fertilizer^ magnesium sulphate^ and lime added to the soil from 1929 to 

19H 


Year 


1929.. 


1930- 


1931. 


1932.. 


1933 


1934 


Crops 

Ferti¬ 

lizer,* 

I)er acre 

f(^rn . 

Timothy.. 

Pounds 

800 

500 

Clover (alslke)__ 

5(X) 

Potatoes.. 

2,000 

2,500 

800 




500 

Timothy. 

Potaotes . 

Onions.. 

(\)rn.-. 

500 

2,000 

2,500 

800 

.'kK) 

Timothy. 

500 

Potatoes. 

Onions.-. 

1 Soybeans. 

Clover (al.slke) . 

Buckwheat-- 

] Soybeans.. . 

C'orn - _ - 

2,000 
2,500 
800 
500 ) 
800 
800 } 
1,000 
800 1 

Oats. .. 

Oats__ 

800 

Barley. 

800 

Sudan grass... 

' Japanese millet. 

800 
800 ) 

Kutabagas.... 

1,500 

1,000 

800 , 

Corn -.-.. 

.Buckwheat.... 

/Pigweed.... . . 

800 ' 

Barley.. 

800 

Rye. 

800 

Field corn.. 

1,000 

1,000 

800 

Sweet corn ... 

, Jai>anese millet.. 

1 Sudan grass... 

800 

1,000 

Rutabagas. 

Peppers. 

800 

1,600 

800 

800 

Mangels. 

Spinach. 

Turnips . 



other materials 


Ma(;nesium suli)hate, 400 pounds i)er 
acre to section C ^ only. 


Do. 


No magnesium sulphate applied this 
year 


Magnesium sulphate, 400 jwunds 
acre to sections B and C, and 1 ton 
iow-magnesium (i 29 percent MgO) 
groiimi limestone iier acre to sections 
A and B in fall 


year. 


acre applied to sections B and 0. 


»6-8-7 analysis. 

* In the courM of the experiment section A received lime; section B, lime and magnesium sulphate; sec* 
tion C, ma^mesium sulphate; section D, nothing except fertilizer which was applied to all sections. 

»Ammophos was used iastead of superphosphate to supply PaO» for 1933 and 1934. 

* Beginning with 1933, the east half of plot 1 was reserved for another experiment, thus reducing the 
number of replicates of some varieties to 3 
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EXPERIMENTAL RESULTS 


YIELDS 


The figures for yield are given in table 2. The annual precipitation 
records for Amherst, Mass., for the period May to August, inclusive, 
arc as follows: 


Inches 


Inches 


1929 

1930 

1931 

1932 


9. 47 
14. 13 
22. 12 
10. 79 


1933 _ 

1934 _ 

Mean (1889^ 1928) 


14. 25 
12. 84 

15. 74 


Both season and variety were important factors in determining the 
results. The season of 1929 was abnormally dry and that of 1931 
abnormally wet, each varying about 6.4 inches from the normal. 
These abnormalities depressed the actual yields. More significance 
should be attached to the corn crop than to any other because of its 
more frequent use in the experiment. The greatest relative effect 
of magnesium on the yield of grain corn was m 1931, a wet year, 
while one of the lowest relative yields of this crop was in the dry year 
1929. The same order of agreement, however, does not hold for 
stover, but as Jones ® has ]iointcd out the yield of grain apparently is 
more affected by a deliciency of magnesium than is the stover. 


T.vble 2. - Mean and rdatire ifielda of crops grown with ferhlizer and added mag¬ 
nesium sulphate and limCy 19iil9 to 1934 


Crop 


Corn, field (grain) 


(^^orn, field (.stover) 


Potatoes.- 

Onions (from .sets). 
Onions (from seed) 


Timothy_ 

Clover (alsike). 

Soybeans (forage).- 

Buckwheat (gram and straw) 

Oats (grain and straw). 

Barley (grain and straw). 

Sudan grass. 

Millet (.Tapanese). 

Rutabagas (early planting)... 
Rutabagas (late planting) ... 

Corn, sweet (ears). 

Corn, sweet (stover). 

Mangels (roots)... 

Turnips (White Egg).. 

Spinach. 

Peppers (fruit). 

Peppers (plants). 


Years 
in which 
grown 

Yield 

Relative yield» with fertilizer 
plus— 

per acre 
(fertilizer 
onl>) 

Magne¬ 

sium 

sulphate 

Magne¬ 
sium sul¬ 
phate and 
lime 

Lime 

1929 to 1934... 

Bushels 

42.5 

95.0 

100.7 

99.3 

1929 to 1034 

Pounds 
> 2,147 

99.7 

107.8 

112.2 

1929 to 1931 

Bushels 
204 3 

105 7 

106.3 

97 0 

1929, 1930 .. 

109 2 

87 0 

127.0 

128.0 

1931. 

70.3 

89.0 

111.0 

118.0 

1930, 1931 

Pounds 
* 3,60.') 

99.5 

95. 5 

106. 5 

19mo 1932.. 

3 3,083 

101 0 

101.3 

100.0 

1931, 1932...- 

M,480 

105 0 

107.0 

104.0 

1932, 1933.... 

*2,020 

128 5 

122.5 

101.0 

1932, 1933— 

*4,262 

102.5 ! 

95.0 

97.0 

1933, 1934 — 

*3.288 

90.5 

101.5 

100.0 

1933, 1934... 

* 3, 750 

97 0 

91.0 

103.0 

19.33, 1934- 

*6.298 

100.0 

93.0 

88 0 

1933, 1934— 

37,608 

103.0 

108.5 

102.0 

1933 ...... . 

9,762 

no 0 

154.0 ; 

127.0 

1934. 

* 1,803 

95.0 

98.0 

107.0 

1934. 

>2.914 

100.0 

103.0 

122.0 

1934.; 

85,507 

118.0 

114.0 

110.0 

1934-..*.i 

17,760 

113.0 

89.0 

91.0 

1934. 

*»402 

138.0 

208.0 

208.0 

1934. 

10,317 

96.0 

108.0 

112.0 

1934 . 

*656 

93.0 

100.0 

103.0 


1 Yield with fertilizer only taken as 100. 

* Dried in steam*heated oven to approximately 4 percent water. Work done in feed-control laboratory 
under supervision of P. H. Smith. 

•’ The comparatively low figure ler‘the yield of spinach is due largely to the fact that the plants were more 
widely spaced than is usual in practice, and probably in part to a lower level of fertility than is common in 
vegetable gardening. However, it should be noted that yield figures are for dry matter rather than green 
weight. 


* Jones, J. P. (See footnote 2.) 
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A gravelly ridge running diagonally across the field is particularly 
effective in reducing yields of the mamesium-treated sections of 

f >lots 3 and 4 in dry seasons. This condition, together with a more 
avorable moisture relation of the checks, particularly of plot 3, is 
favorable to the checks in dry seasons. The variation in the yields 
from the different sections of the plots is shown by table 3. If plots 
1, 2, and 4 are taken as more representative of uniform conditions, it 
will be seen that, except for the stover, the magnesium-treated sec¬ 
tions were relatively better (e. g., 46.2 bushels v. 41.7 bushels) than 
the checks without lime. With linje this is true of plot 2 only. In 
the wet year of 1931 the yield of the magnesium-treated section of plot 
1 exceeded that of the check by 27,9 percent for both grain and stover. 

The effect of season on the absorption of available magnesium is 
well shown by the data on amount of chlorosis given in table 4. 
Here it will be noted that the highest percentage of chlorotic plants 
occurred in the wet year 1931. By comparing table 4 with the 
precipitation data it will be seen that there is almost perfect agree¬ 
ment between precipitation and extent of chlorosis in corn. 


Table 3. —Mean yield of corn, grain, and stover, as affected by additions of mag' 
7i€sium sulphate and lime, by plot sections, 1929-34 



Yield on plots treated 

with fertiliser plus— 

Crop and plot 

Nothing 

Magne* 

sium 

sulphate 

Magne¬ 
sium sul¬ 
phate and 
lime 

Lime 

Corn fsrrain): 

Bushels 

Bushels 

Bmheh 

Bueheln 

Plot 1. 

41.1 

44.0 

44.7 

50 0 

Plot 2. 

41 7 

46 2 

45.9 

30 6 

Plots.-. 

51.2 

29.8 

37 3 

42.6 

Plot 4. 

30.1 

41.7 

43.3 

45 6 

Corn (stover). 

Pounds 

Pounds 

Povnde 

Pounds 

Plot 1..... 

2, 101 

2,501 

2,617 

2,744 

Plot 2.-.. 

2,166 

2,156 

2,443 

2,f)9n 

Plots...-. 

2,589 

2,136 

2,31.3 

2,626 

Plot 4.. ... 

2,032 

2,20.‘S 

2,368 

2,625 


Table 4. —Percentage of normal and chlorotic corn plants as influenced by addition 
of magnesium sulphate and lime, 1929-34 




Plants that 
were— 

Year 

Treatment in addition to 
fertilizer 


Chlorotic 

Nor¬ 

mal 

Slightly 

Strongly 


None. 

Pet. 

39 

Pet. 

18 

Pet. 

43 


Magnesium sulphate.. 

87 

9 

4 

1929.- 

< Magnesium sulphate and 
lime. 

85 

9 

6 


Lime. 

84 

9 

7 


None. 

35 

54 

11 

1930.. 

Magnesium sulphate.. 

Magnesium sulphate and 

98 

2 

0 


lime.... 

96 

4 

0 


Lime. 

79 

20 

1 


(None. 

5 

40 

55 


Magnesium sulphate. 

85 

14 

1 

1931^. 

Magnesium sulphate and 
Jlme. 

78 

20 

2 


Lime. 

39 

52 

9 




Plants that 
were— 

Year 

Treatment in addition to 


Chlorotic 

fertilizer 

Nor¬ 

mal 

Slightly 

Strongly 


None.-.. 

Pet. 

16 

Pet. 

46 

Pet. 

30 


Magnesium sulphate. 

100 

0 

0 

1982.. 

Magnesium su&hate and 
lime. 

100 

0 

0 


Lime... 

79 

10 

2 


None .. 

9 

37 

54 


Magnesium sulphate. 

100 

0 

0 

1933.. 

Magnesium sulphate and 
lime. 

98 

2 

0 


Lime... 

70 

25 

5 


None_-.. 

20 

46 

29 


Magnesium sulphate. 

100 

0 

0 

1934.. 

' Magnesium sumhate and 
lime... 

100 

0 

0 


j Lime.... 

05 

4 

1 
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Of all crops grown, buckwheat and spinach were most affected by 
a deficiency of magnesium, but as there are only 1 year's results for 
spinach, they must be considered as indicative only.^ The yield of 
buckwheat was not only considerably increased by magnesium, but 
the physiological symptoms also were marked. This crop appears to 
be the most sensitive to magnesium deficiency of all those studied in 
this experiment. It will be noted that the beneficial effects of 
magnesium are enhanced by the addition of lime. 

PHYSIOLOGICAL SYMPTOMS 

One of the principal objectives of this work was the determination 
of the plant symptoms associated with magnesium deficiency. Con- 



Fioure 1 Barley leaves ^4, Mil<ily chlorotic, striped type, from mapnesium-deflcient soil, H. normal, 
from soil treated with magnesium sulphate. 


siderable difference in the effect of the deficiency was noted among 
the crops grown. The more sensitive species developed symptoms 
which varied from a mild chlorosis to extreme necrosis of the leaf 
tissue. 

Jones, in a previous report* on this work, accurately described 
the symptoms of this physiological disease as it affects corn, and 
Garner and others ® have described its effects on tobacco. Nothing 
needs to be added to Jones' description of the symptoms on corn 

7 Pot experiments in the greenhouse appeared to corroborate the field observations on spinach. 

» Jones. J. P. See footnote 2. 

» Garner, W. W.; McMurtrsy, J. E.; Bacon. C. W., and Moss, E. G. sand drown, a chlorosis 
OF tobacco due to magnesium DEFiaKNCY, AND THE RELATION OF SULPHATES AND CHLOBIDS OF POTAS¬ 
SIUM TO THE DISEASE. JouT. Agf. Research 23:27-40. illus. 1923. 
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except to state that incipient chlorosis sometimes appeared first on 
the margin and tip of the leaves instead of in the intervascular tissue. 
On other soils having a severer deficiency of magnesium it has been 
observed that com leaves crinkle and droop considerably in advanced 
st^es of the disease. 

The pattern of chlorosis developed by other plants followed rather 
closely the type of venation of the leaves. Leaves having parallel 
veins, such as certain small grains and grasses, developed the same 
type of chlorosis as corn, but of a mild type (fig. 1). Oats showed 
the symptoms in an early stage of growth, but they later disappeared. 
It should be stated that some parallel-veined plants have loaves that 
normally are more or less striped, or else the striping is due to some 
deficiency other than magnesium. Such was the case with Japanese 
millet. The effect of magnesium deficiency on the different plants 
used in the experiment is shown in table 5. 

Table 5. —Plant symptoms produced hy a moderate magnesium deficiency in the 

omI 



Chlorosis 


1 

Chlorosis 


Plant 

§ 

s 

M 

§ 

Remarks 

Plants 

a 

o 

2 

S’ 

c 

l-l 

Remarks 




s 



'A 

S 

m 


Corn (field) 


X 

X 

Striped, necrotic. 

Barley. 


X 


Stnried 

Corn (sweet). 


X 

X 

1)0. 

Sudan grass. 


x 


*JJo. 

Potato. 

X 

X 



Millet (Japanese). 

X 




Onion,-. 

X 




Rutabaga. 


X 

X 

Mottled. 

Timothy. 

X 




Mangel. 


X 


Do. 

Clover (alsike)-..- 

X 

X 


Marginal, mottled. 

Turnip (White 

-- 

x 

X 

Do. 

Clover (red) *. 

X 




Egg). 





Alfalfa ‘. 

X 




Spinach__ 


x 

X 

Sunscald necrosis. 

Soybean.. . ----- 


X 



Pepper. -. 


x 


Mottled 

Buckwheat _ 


X 

x 

Mottled, necrotic 

Touacco. 


X 

x 

Do. 

Oat.. 

--- 

X 


When young, only. 







1 Pot experiment. 


Susceptible plants with leaves of netted venation as a rule devel¬ 
oped a mottled pattern similar to the well-known appearance of to¬ 
bacco leaves affected by ‘‘sand drown.Buckwheat and turnips (and 
tobacco in the earlier experiment on this soil) were the outstanding 
plants which showed this type of chlorosis (figs. 2 and 3). With 
these plants, also, incipient chlorosis often appeared in the leaf mar¬ 
gin instead of in the intervascular tissue. In advanced stages of the 
aiseaso cupping or curling of the leaf margin was common, the tissue 
turned yellow or brown, and the leaves dropped from the plant. A 
necrosis of intervascular tissue similar to sunscald often occurred, 
particularly in leaves exposed to full action of the sun^s rays. 

Spinach was affected differently. The typical chlorosis shown bv 
other plants did not appear, but instead marked necrotic areas devel¬ 
oped in the intervascular tissue. These areas were whitish and of a 
papery texture, and similar to sxmscalded areas (fig. 4). They ap¬ 
peared within a very short time after conditions were right. It is 
thought that lesions of this kind might be expected in the m^sophyllic 
tissue of a leaf of a rapidly growing plant like spinach if the tissue 
were deficient in some essential ingredient. Apparently this tissue 
in its condition of rapid growth and tenderness skipped the usual 
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chlorotic stage or passed through it so rapidly that it was not ob¬ 
served. The observations of only 1 year are available on this crop 
and conclusions can, therefore, be only tentative. 



Fkjure 2 -BiK'kwheat leaves; A, Strongly chlorotic and necrotic, mottled type of chlorosis, from mag- 
ncsiuin-deflciont soil; B, normal, from soil treated with magnesium sulphate. 


A characteristic syni]>toni of magnesium deficiency observed in 
these experiments is that the chlorosis appeared first on the older 



Fiqurs 3.— ‘Turnip leaves: A, Strongly chlorotic and necrotic, mottled type of chlorosis, ftom magnesiam< 
deficient soil; i?, normal, from soil treated with magnesium sulphate. 


leaves, regardless of the type of plant. This characteristic should 
serve to distinguish the chlorosis due to magnesium deficiency from 
that due to some other causes. 


136860-36-6 
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EFFECT OF MAGNESIUM DEFICIENCY ON CHEMICAL COMPOSITION OP PLANTS 

The effect of magnesium deficiency in this soil on the mineral con¬ 
stituents of different parts of the corn plant has been reported by 
Jones.^® His data showed that the content of magnesium in the 
plant corresponded to the application of magnesium sulphate to the 
soil. Work along this line has been continued in the present studies. 
In table 6 are given analytical results for the years 1930, 1931, and 
1933. The rainfall during the growing season of 1931 was unusually 



Figcjrb 4.-~Spiiiach leaves: A, Necrotic, from magnesium-deficient soil; B, normal, from soil treated 

with magnesium sulphate. 

high, 6.4 inches above normal, while that of the other 2 years was a 
little below normal. This difference in precipitation is reflected in 
the magnesium content of the com stover, which was lowest in the 
wet year of 1931. The data as a whole show that the magnesium 
content of the crop was enhanced by applications of magnesium sul¬ 
phate to the soil. This increase was greatest in those crops, such as 
buckwheat, that showed the greatest response to magnesium in yield 
and symptoms. 


10 Jones, J. P. (Sec footnote 2.) 
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Table 6. —Percentage ma^fneaium oxide and calcium oxide in dry matter of several 
crops grown with fertilizer only and with fertilizer and added magnesium sulphate 
and limestone ^ 



Analy.sis of plants from plots treated with fertilizer plus— 

Year and crop 

Nothing 

Magnesium 

sulphate 

Magnesium sul> 
phate and lime 

Lime 


MgO 

CaO 

MgO 

CaO 

MgO 

CaO 

MgO 

CaO 

1930 I 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Corn stover__ 

9.183 

0.fta3 

0 338 

0.580 

0.316 

0.605 

0.228 

0.625 

1931 * 









Corn stover... 

.143 

.605 

.308 

.523 

.268 

.585 

.208 

.730 

1933 « 









Corn and cob.. 

.1.*)! 

. 139 

.247 

.138 

.187 

.127 

.187 

.145 

Corn stover. . 

,229 

.034 

.395 

.541 

.372 

.568 

.299 

.692 

Oats (Rrain and straw). 

.518 

.680 

.604 

.614 

.679 

.690 

.529 

.716 

Barley (Krain and straw*)_ 

.427 

.733 

.595 

.719 

.657 

.668 

.436 

.805 

Sudan grass .. .- . . 

.709 

1 150 

.699 

1.200 

.637 

1.129 

.511 

1.134 

Millet-.- ... _ 

.908 

1.311 

.769 

.990 

.694 

1.528 

.618 

1 330 

Buckwheat (grain and straw) 

.442 

3 360 

.728 

2.468 

.592 

3.075 

.476 

4 064 

Rutabagas (roots). 

. 308 

.794 

.245 

.979 

.205 

.776 

. 181 

.961 

Rutabagas (tops). ... 

.289 

3 409 

.466 

3.071 

.394 

3 935 i 

.331 1 

4.081 


‘ Chemical work was done in the fertilizer control laboratory under direction of H. D. Haskins. 
’Mean of analyses of samples from 4 replicated plots, 1930 and 1031. 

*In 1933 analyses were of composited sample.s from 4 replicates. 


GENERAL DISCUSSION 

Observations and studies recently made of other magnesium- 
deficient soils in the Connecticut Valley indicate that the soil on 
which these experiments were conducted is only moderately deficient 
in magnesium. Many more extreme cases h^ve been observed, and 
these were on soils containing somewhat less of the finer separates 
and often much more gravel. Magnesium deficiency on such soils 
has been found to be associated with moderate to strong acidity, and 
no doubt much of the trouble with crop growth was due to strong 
acidity or calcium deficiency, or both. 

The unlimed half (secs. C and D) of the field used for these experi¬ 
ments has a reaction of pH 5.6 and the limed half pH 6.4. Some 
Connecticut Valley soils showing extreme magnesium deficiency have 
tested about pH 4.0. Some of these extreme cases have shown also a 
much greater magnesium deficiency by the rapid colorimetric field 
tests than the soil of the field used ii\ these experiments. The surface 
soil of this field was found to contain from 8.7 to 20.3 parts per million 
of magnesium in the untreated section, bv extraction with potassium 
chloride," and these figures agree fairly closely with the estimates by 
the rapid semiqualitative methods. The untreated surface soil con¬ 
tained 0.747 percent total magnesium. It appears that a soil should 
contain from 30 to 40 parts per million of easily replaceable magne¬ 
sium, or 60 to 80 pounds per acre, to avoid magnesium deficiency. 

" HaDUOCK, J. L. studies of UKTHODS for OKTEKIfINATlON OF MAGNESIUM DEFICIENCY IK SOILS. 1932. 
(Unpublished thesis.) 
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SUMMARY 

The crops grown differed to a marked degree in their response to a 
deficiency of magnesium in the soil. Buckwheat and spinach were 
most affected, and turnips, mangels, corn, and tobacco considerably so. 
The small grains, grasses, clovers, and potatoes were only slightly 
affected, and other plants not at all. Plants sensitive to magnesium 
deficiency developed characteristic physiological symptoms which 
have value in diagnosis. Chlorosis of the older leaves developed in 
the intervascular tissue. In the leaves of plants with parallel veins 
this produced a striped appearance, while in the leaves having netted 
venation, a mottled pattern was produced. In severe cases of 
chlorosis the margin or the entire leaf turned brown, and in some cases 
the leaf dropped from the plant. 

The addition of magnesium sulphate to the soil increased the per¬ 
centage of magnesium in the plant or portions of it. The increase was 
greatest in those crops whose yields and appearance were most affected 
bv the deficiency of magnesium. The content of magnesium in the 
plant was affected also by the amount of precipitation during the 
growing season, being less in seasons of heavy rainfall. 



THE SUSCEPTIBILITY OF FLOWER BUDS OF THE 
MONTMORENCY CHERRY TO INJURY FROM LOW TEM¬ 
PERATURE ‘ 

By V. R. Gakoner 

Director, Michigan Agricultural Experiment Station 

INTRODUCTION 

Injury to flower buds or developing flowers from low temperatures 
has long been recognized as in some degree a limiting factor in sour- 
cherry production. Nevertheless, most vmeties of sour cherry 
(Prunus cerasus L.) are regarded as comparatively hardy, their flower 
buds being as resistant to cold in midwinter as those of the apple, 
though in the preblossoming stage of early spring they become more 
tender than those of the peach. Goff ^ reported that a comparatively 
large percentage of the flower buds of most varieties survived a miii- 
iimun temperature of —27.5° F. at Madison, Wis., in 1899, though 
somewhat more serious injury was recorded following the milder 
winter (—23° minimum) of 1890-97, which had been preceded by a 
rather tlry summer. Temperatures ranging from —22° to —37° in 
February 1934, at various points in northern Micliigan where the 
Montmorency is extensively grown, killed from 5 to 20 percent of the 
buds (as determined by random sampling), hardly enough greatly 
to reduce the size of tfie following crop. On the other hand, data 
collected by the Michigan Agricultural Experiment Station during 
recent years in connection with its study of bud variation indicate 
that the number of flower buds killed at comparatively low tempera¬ 
tures is sometimes smaller than at other times when the temperature 
is somewhat higher, and that there is much variation betw’ccn trees 
in the same orchard in susceptibility to injury of this kind. Records 
bearing on certain aspects of this question are presented in this paper. 


KILLING OF DORMANT FLOWER BUDS BY LOW TEMPERATURES 


Besides winter-killing records on certain individual Montmorency 
trees, selected because of apparent marked susceptiblity or resistance 
of the flower buds to winter cold, counts were made on large random 
samples of buds from each of 149 trees in a block on the grounds of 
the Graham Horticultural Experiment Station at Grand Rapids, 
Mich., following the winters of 1932-33 and 1933-34, and in the so- 
called “Corporation” orchard of 190 trees near South Haven, Mich., 
for the same years. Mininnim temperatures of —10° F. and —16° 
were recorded on February 9 of both years at Grand Rapids and —10° 
and —17° on the same dates at South Haven. 

Killing of individual flowers in the buds ranged from 0 to 5 percent 
in the wmter of 1932-33 at Grand Rapids and from 2 to 37 percent in 
the winter of 1933-34. Averages for the 2 years w^ere 0.7 and 11.5 


i Received fot publication Nov. 20, 1934; issued May 1935. Journal article no. 196 (N. S.) from the 
Michigan Agricultural Experiment Station. 

* Gory, £. S. THB DSQRES OF COLO ENDURABLE BY FLOWBK-BUDS OF THE PLUM AND CHERRY. WiS. 
Agr. Expt. sta. Ann. Kept. 14: 309-313, illus., 1897. 
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percent. At South Haven killing of individual flowers in the bud 
ranged from 0 to 22 percent in the winter of 1932-33 and from 0 to 21 
percent in the winter of 1933-34. Averages for the 2 years were 5.7 
and 5.6 percent. The period covered by these figures is too short to 
establish them as an accurate measure oi the extent to which the dor¬ 
mant flower buds of this variety are winter-killed, but when they are 
considered in connection with observations extending over ma,ny years 
the conclusion seems warranted that bud killing of this type is not an 
important limiting factor in the production of Montmorency cherries 
in Michigan. Doubtless, killing of individtial flowers in excess of 20 
percent is likely to lead to some reduction in yield, though the liighor 
percentages of blossoms that set fruit under such conditions usually 
compensate in part for the reduction in flower number. A com- 



Figure l.—Photomicrographs showing representative flower-bud development in a sport of the Mont¬ 
morency cherry whose buds are especially tender to low winter and spring temperatures, compared with 
normal buds; A and C, Buds of Selection 159, which is tender to cold, collected November 2, 1932, and 
March 28,1933; B and buds from adjacent normal Montmorency trees collected the same dates. X 33. 

parison of injury in individual trees for 2 years is possible only from 
the records of the Corporation orchard. Only a few trees whose buds 
were injured rather severely one winter showed a high degree of 
injury the next winter. However, this is not surprising in view of 
the relatively small differences between these trees. 

Buds from a number of trees in both the Graham Station and Cor¬ 
poration orchards which showed some of the most and some of the 
least winter-killing were collected in late fall and again in early spring 
for sectioning, to determine whether such differences as were found in 
resistance to low winter temperatures might be correlated with dif¬ 
ferences in state of advancernent. The flower buds themselves, their 
rudimentary pistils, and their other flower parts varied more or less 
in size from tree to tree when collected, say, November 1 or March 
15, but the degree of differentiation attained at any particular date in 
any 1 year varied very little between trees in a single locality. 
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Furthermore, the slight variations above or below the average in size 
and in degree of differentiation were about equally distributed among 
trees with the more hardy and those with the less hardy buds. A 
study of the buds of a Montmorency tree in an orchard near Sodus, 
Mich., planted in 1904 and alw^s semibarren, furnishes additl nal 
evidence on this latter point. This tree, to be regarded as a uud 
sport,* forms an abundance of flower buds that at the close of the 
growing season cannot be distinguished from those of surrounding, 
normally productive trees. Nor can the buds which survive the 
winter be distinguished in early spring from those on adjacent trees. 

However, about two-thirds of tne buds are regularly winter-killed. 
Their tenderness is due to or associated with some physiological con¬ 
dition rather than with any peculiarity of structure. This is well 
brought out in figures 1 and 2, which show the flower parts of average 



FkiUkk 2 -Hepraseutative flowcHr buds of a sport of the Montmorency cherry whose buds are esfiecially 
tender to low' winter and spring temperatures, compared with normal buds: .4, Buds of Election 159, 
w'hioh is tender to cold and one of w'hose flowers had been killed by frost 3 days previous to collection on 
April 29,1933, ii, buds of an adjacent Montmorency tree more resistant to low' temperatures, collected the 
same date. X 7. 

flower buds from this winter-tender tree, along with those from adja¬ 
cent normal trees, collected at intervals. 

DELAYED WINTER-KILLING OF FLOWER BUDS BY LOW 
TEMPERATURES 

Montmorencv buds in which all of the individual flowers have been 
killed during tlie dormant season l^arely enlarge in the spring, and 
their bud scales do not separate even at the tip. As the season 
advances they dry out, an abscission layer forms at their bases, and 
by the middle or end of the blossoming season most of them have 
fallen off. Buds in which some of the individual flower buds have 
been killed but in which one or more have survived enlarge and open 
very much like those in which none of the individual flowem has been 
harmed. Many buds enlarge to several times their w’inter size, 
reflex their outer scales, and expand their inner scales without, 
however, protruding any blossoms. The exposed outer surfaces of 
the inner bud scales acquire a purplish pink color. Finally, at about 
the full-bloom stage these buds that several weeks earlier gave promise 

9 The term bud sport is used iu this article to refer to a whole-tree or limb variant that hae been under 
observation for a number of years so that the permanence of its deviation from type in the orchard or in the 
tree is established. In most of the instances cited the variant and the accompanying parent or normal form 
have been prop.)gated vegetatlvely, but in only a few instances have the daughter trees been under obeer* 
vation long enough to permit a comparison of their behavior with that of the parent forms. 
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of producing a full crop of flowers, fall off. Examination shows that 
the bud that behaves in this way survived the winter and resumed 
growth and differentiation in the spring. As growth is resumed, 
however, the developing flower buds become rdatively susceptible 



FiouBB 3.—yl* A spur showing 2 flower buds (aa) killed during the dormant season and 2 in each of which 
2 individual flowers were uninjured; B, C, 2 twigs showing flower buds that had all or part of their 
Individual flowers killed by the late type of winter'killlng: D, 1 flower bud (a) on this shoot had all Us 
individual flowers killed while dormant, 2 buds (6) sufifered no winter*killiog of either the dormant season 
or late type, and the others had all or part of their individual flowers killed by the late type of winter* 
Idlling. jPboto taken May 15,1034. 


to injuiy from low temperatures, and observations indicate that this 
is a far more critical period than the dormant season. The data 
indicate further that there are wide variations between different trees 
ip the same orchard growing under the same conditions, and also 
.tliiiiveen different limbs of the same tree, in the susceptibility of their 
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flower buds to killing at this stage. The difference between this late 
form of winter-killing of flower buds and that which occurs while the 
buds are dormant is shown in figure 3, and the difference in stage of 
development of the individual flowers and flower parts at the time 
the injuries occur is shown in figure 4. 

Sharp demarcation of dormant-season killing from killing associated 
with early growth resumption cannot be made. This latter, in turn, 
merges into still later killings of buds near or at the blossoming stage. 
However, the failure of the early killed buds to swell in the one case 



Fiourk 4 —Sections of flower buds of the Montmorency cherry showing killing from midwinter freesing {A) 
and killing of the late winter tyiw <B). Both sections are of buds collected May 16 when the trees were 
in full bloom, x 13. 


and of the individual flower buds to protrude beyond the separating 
bud scales in the other fairly accurately delimits what is here described 
as delayed winter-killing. Assignment of this type of injury to 
winter or to spring is largely a matter of judgment, but it occurs at a 
stage when advancement from dormancy is so slight that it may be 
regarded as a type of winter-killing. ^ far as the writer is aware, 
this type of winter-^ling has not been described or recognized in the 
literature dealing with tne sour cherry. 

Extensive quantitative data are not available to show the amount 
of this form of bud killing in different sections or in different years. 
That it may sometimes be serious, however, is indicated by the fact 
that in a random sample of flower buds from one large Montmorency 
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tree in an orchard near Traverse City, Mich., examined May 15, 
1934, all of the individual flowers were dead in 71 percent of the buds 
and about 70 percent of the blossoms in the remaining 29 percent; 
that is, the total blossom killing amounted to over 90 percent. Many 
other trees in the same orchard suffered serious injury of the same type, 
though none quite so heavily. Observations in many Montmorency 
cherry orchards of Michigan during the past 10 years lead to the 
opinion that in general between 5 and 10 times as many flower buds 
are killed while in this early post-dormant stage as are killed by much 
lower temperatures in the dormant stage. Unquestionably delayed 
winter-killing is a factor of considerable importance in limiting yield 
in the Montmorency cheriy^ orchards of Michigan, though it is less 
serious than spring frost injury, which comes still later. 

KILLING OF FLOWER BUDS BY SPRING FROSTS 

Every cherry grower recognizes the danger of the serious reduction 
or perhaps entire loss of his crop from the killing of fully opened 
blossoms or of unopened blossom buds by spring frosts. Indeed, tliis 
is generally considered the greatest hazard in sour cherry production, 
even more of a hazard than it is with most other deciduous fruits 
because of the apparent greater susceptibility of the flowers to frost 
injury. Some measure of its importance may be obtained from 
records collected for the 149 Montmorency trees at the Graham 
Station for the years 1932 -34. In the spring of 1932 the percentage 
of blossoms or blossom buds killed by spring frost on different trees 
ranged from 32 to 99, with an average of 77; in the spring of 1933 the 
range was from 20 to 90, with an average of (>0; and in the spring of 
1934 the range was from 1 to 95, with an average of 25. In the Cor¬ 
poration orchard killing by spring frosts on the 190 trees ranged 
from 4 to 100 percymt in 1931, with an average of 50; from 25 to 97 
percent in 1933, with an average of 73. There was no frost injury in 
this orchard in 1932 or 1934. In some orchards the loss would be 
distinctly smaller, in others much greater. 

Records for individual trees in these two and in a number of other 
orchards show clearly that, though some trees present considerable 
variation in the relative amount of frost injury from year to year, 
many others are remarkably consistent in the reaction to cold of their 
open flowers or unopened flower buds. This is well brought out in 
tables 1 and 2. 


Table 1 . Percentages of blossoms killed by frost in the Graham Station and the 
Corporation orchards, 1931-S4 


Orchard and trees 

Percentage of blossoms killed in— 


1931 

1932 

1933 

1934 

Graham Station: 

All trees. 





26 trees roost injured in 1932 . 


94 

64 


26 trees roost injured in 1933. . 





26 trees roost injured in 1934. . 





26 trees least Injured in 1932. 


Ov 

Rd 



26 trees least injured in 1933. 





26 trees least injured in 1934... . 





Corporation: . 

All trees. 


to 

0/ 

SVO A 

« 

26 tretf roost injured in 1931. . 

00. o 

98.0 

0 

A 

73* U 

0 

26 treil roost injured In 1933. 

81.0 

u 

A 

86.0 

0 

, 25 .trees least injured in 1931. 

in 0 

U 

A 

92.7 

0 

26 ttnes least injured in 1933. 

111 . V 

32.0 

U 

A 

61.0 

0 

- ------— _ 


U 

40.0 

0 















Mar. 15,1935 lujuTy to Monimoreucy Cherry Buds by Low Temperatures 569 


Table 2. —Records of spring frost injury to selected trees in the Graham Station and 
the Corporation orchards^ 1931-^4 


Orchard 


Oraham Station. 


Corporal ion- 


Tree no. 


5B 

5H 

3J 

2E 

4£ 

9E 

21 

47 

137 

59 

125 

144 


Percentage of blossoms killed in- 


1931 


(0 

(») 

{>) 

(0 


8 

8 

14 

100 

95 

95 


1932 


1934 


4 

1 

3 

92 

94 

93 
0 
0 
0 
0 
0 
0 


> rndetermiiiecl. 


In view of the fact that as cherries approach the blossoming stage 
more or less unevenness in degree of development of the flower buds 



Figure 5. ~A and /i, photomicrographs showing development of representative dower buds of selection 
516, a tree normally resistant to injury from midwinter cold and from spring frost, collected November 9, 
1932, and March 20. 1933, respectivefy; i> and C are photomicrographs showing development of repre¬ 
sentative flower buds of selection 517, a bud sport in tree no. 516, the buds of which are relatively suscept¬ 
ible to injury from midwinter cold and spring frost, collected November 9, 1932, and March 29, 1933, 
respectively. Note that the buds of selection 517 are practically indistinguishable from those of selection 
516. X33. 

is always in evidence, the question naturally arises whether the more 
advanced or the less advanced flowers suffer most from a damaging 
frost. The answer is that, in general, when flower buds are one- 
quarter to one-half the size they attain just before they open they 
appear to be slightly but distinctly more sensitive to frost injury than 
when they are fully developed and ready to open or when the flower 
is partly open or fully expanded, though this may be associated with 
the fact that the frosts occurring during the earlier stages of develop¬ 
ment are usually more severe than those occurring a few days later. 
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Large numbers of field records, however, warrant the definite state¬ 
ment that the differences in susceptibility from tree to tree are so 
great and the differences in advancement so small, that direct con¬ 
nection between them seems improbable. 

Examinations were made of sections of random samples of large 
numbers of flower buds from a considerable number of individual 



Figure 0.—Flower bud of the relatively frost-resistant normal form (selection 516) of the Montmorency 
cherry (A) and of a bud sport (selection 517) of the same tree (JB) the buds of which are relatively tender 
to frost. Material collected for sectioning April 29,1933,3 days after the frost occurred; l injured pistil in 
A . Note that there Is relatively little difference in stafje of develoimient between the frost-resistant and 
frost-susceptible buds though there is some difference in sizes of flower parts. X 10. 

Montmorency trees and of their limb sports, collected at various 
periods (e. g., June 30, July 15, Aug. 15, Nov. 1, late March, mid- 
April, late April). The results showed that in the relatively late 
blossoming trees or limb sports and in those that blossom rather 
early, in those whose flower buds are relatively susceptible and 
in those whose flower buds are very resistant to spring frost injury 



Figure 7. —Representative flower buds of selection 366, a frost-tender but late-blossoming sport of the 
Montmorency cherry. Comparison of the March 28 cKillection A (X 33) with B and C in figure 6 show, 
that the buds of this s^rt had reached a normal stage of development in late winter. Comparison of 
the April 29 collection B (X 10) with A and B in figure 6 indicates a slower development in early spring. 

(1) the flower buds are differentiated at practically the same time of 
the year, (2) the buds attain essentially the same stage of differen¬ 
tiation at the beginning of the dormant season, (3) bud growth is 
resumed at practically the same time in late winter or early spring, 
(4) initial growth rate in the spring is essentially the same, but (5) 
as the growing season advances differences in rate of development 
become increasingly pronounced. These statements are supported 
by the photomicrographs shown in figures 5, 6, and 7, selected as 
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fairly representative of many thousands of buds that were examined. 
The evidence, therefore, indicates clearly that the major differences 
in susceptibility to spring fmst are of a nature not revealed by ana¬ 
tomical study. It also indicates that cultural methods intended to 
hasten or delay flower-bud differentiation or advancement, do not 
afford a very promising approach to the solution of the frost-injury 
problem in the Montmorency cherry although in Wisconsin some 
relationship between early differentiation and advanced fall develop¬ 
ment on the one hand and susceptibility to low winter temperatures 
on the other has been reported.^ 

CORRELATION BETWEEN THE DIFFERENT TYPES OF INJURYTO 
FLOWER BUDS CAUSED BY LOW TEMPERATURES 

The Question arises whether a whole tree bud sport or a limb sport 
whose nower buds are markedly resistant or markedly susceptible to 
one form of injury is likewise markedly hardy or markedly tender to 
another form. The data collected indicate that a sport whose 
flower buds are, say, especially susceptible to winter-killing while 
in the dormant state are neither more nor less likely to be susceptible 
to late winter-killing or to spring frost injury. For instance, on 
selection 305, a whole-tree variant in the Corporation orchard, the 
flower buds were killed to the extent of 100 and 93 percent in late 
April of 1931 and 1933, but none of its flower buds were killed by mid¬ 
winter freezing in 1932-33 and only 2.5 percent were killed during 
the much severer winter of 1933-34. At no time during the 1930-34 
period did the flower buds on this tree show an appreciable amount 
of the late form of winter-killing. Selection 420, a whole-tree variant 
in the Titus orchard at Traverse City, had 17 percent of its individual 
flower buds destroyed by a minimum temperature of —35° F. on 
February 9, 1934, whereas none of a considerable number of nearby 
trees showed a loss of more than 10 percent. On the other hand, in 
the spring of 1932, when these same surrounding trees had from 
20 to 90 percent of their flower buds destroyed by the late type of 
winter-killing and by spring frost combined, selection 420 had less 
than 5 percent of its blossoms destroyed by these 2 types of injury 
together. Again, in the spring of 1934 when the killing of opened 
and unopened flower buds on surrounding trees ranged from 10 to 
15 percent, not a single frost-injured blossom could be found on 
selection 420. The observation of the foreman of this orchard that 
for 7 consecutive years this particular tree had not failed to bear a 
heavy crop, while frost had levied a tax more or less frequently on 
surrounding trees, and that in 1928 it was 1 of only 2 trees 
that bore a crop when a late April fi*eeze destroyed the crop on all 
other trees in the orchard, is further evidence of an exceptional degree 
of hardiness of its flower buds to late winter-killing and to spring 
frosts. Tree G in row 11 at the Graham Station orchard had none 
of its individual dormant flower buds destroyed by low temperatures 
in the winter of 1932-33 and only 9 percent in the much severer winter 
of 1933-34. These compare with averages of 0.7 and 11.9 for the 
entire orchard. Loss of individual blossoms and blossom buds 
from late spring frosts amounted to 79, 65, and 35 percent in 1932, 
1933, and 1934, respectively, with averages for the entire orchard 

« Robbkis, R. H. wiMTKB iKJURT TO CHXBRT BLOSSOM BUDS. Aioer. Soc. Hort. Scl. Pfoc. U : 105- 
no, Ulus. 1917. 
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of 77, 60, and 25 percent. Obviously, the flower buds of this tree 
are not especially susceptible to injury from low temperatures while 
in the midwinter dormant state or during the short preblossoming 
and blossoming stages when spring frosts are likely to cause trouble. 
Yet in 1934 out of a random sample of 4,074 flower buds, from this 
tree containing an estimated 12,000 individual flowers, only 2,587^ (or 
22 percent) of the flowers survived the late winter type of killing. 
This was a far higher percentage of late winter-killing of flower buds 
than was found on any other tree in the orchard and indicates an 
especially marked susceptibilitv to this particular type of injury. 

DISCUSSION 

The data here presented on intravarietal variations in hardiness 
of flower buds at aifferent stages in their development explain in part 
some of the irregularities in production that have been observed in 
Montmorency cherry orchards. A tree that is relatively productive 
one year and unproductive the next while the reverse is true of an 
adjacent tree may simply be especially sensitive or resistant to some 
one of the several types of injury from low temperature. The fact 
that the Montmorency variety, as it is ordinarily propagated and 
grown, evidently includes not only forms whose flower buds are 
relatively susceptible and relatively resistant to low temperatures 
at each of three fairly distinct stages but various combinations of 
resistance in these several stages, both indicates what to expect in 
the way of intravariety diversity and deterioration from a careful 
field survey of the losses from low temperatures and suggests that the 
approach to the practical solution of the problem lies in the isolation 
and propagation of strains whose flower buds are relatively cold- 
resistant at all stages of their development. 

SUMMARY 

Developing flower buds of the Montmorency cherry are killed by 
low temperatures at three different stages—while dormant, soon 
after growth is resumed within the bud in the spring, and in tlie 
preblossoming or blossoming stage. 

Susceptibility to injury at any of these stages is not closely cor¬ 
related with the degree of differentiation or development that has 
been attained. 

The Montmorency variety includes a number of forms which 
show groat variation in their susceptibility to low temperatures at 
these several stages. 

Susceptibility to injury from low temperatures at one of these 
stages is not correlated with susceptibility at another stage. 
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CORRELATION STUDIES OF EGG PRODUCTION AND 
POSSIBLE GENETIC INTERPRETATIONS' 

By CHARLKci W. Knox, poultry geneticist; Mohley A. Jull, senior poultry 

husbandman; and Joseph P. Quinn, chief scientific aid, Bureau of Animal 

Industry, United Slates Department of Agriculture 

INTRODUCTION 

Many investigators have published results dealing with the cor¬ 
relation between each of several different variables and egg produc¬ 
tion. Their investigations have dealt with the effects, on egg 
production, of environmental influences, such as date of hatch and 
date of first egg, and with the effects of several variables that have 
been regarded as hereditary. It is important, from the practical as 
well as from the scientific viewpoint, that investigations of this kind 
be extended (1) to ascertain accurately the influence of the date of 
hatch and the date of first egg upon egg production during the first 
year; (2) to find adequate criteria for predicting or estimating relative 
egg production; and (3) if possible, to establish any linkages that 
may exist as indicated by the correlation coefficients. To obtain 
information on these points, the investigation reported in this paper 
was undertaken. 

Several reviews of the existing literature on the subject have been 
published by investigators in this field, particular attention being 
called to those of Kempster {tO^ W, 21),^ Hays and Sanborn (12), 
and Knox (24, 25, 26), 

EXPERIMENTAL PROCEDURE 

In this experiment, 903 Rhode Island Red pullets and 884 Single- 
Comb White Leghorn pullets were used in 1928, 1929, and 1930. 
These bii*ds were markedly free from disease, and only a very small 
percentage of the original number died during the course of the 
experiment. There was no selection of the pullets, and each bird 
that survived was kept in the laying house for 365 days from the date 
of first egg. All the birds were fed the same diet, noused similarly 
each year, and otherwise kept under as nearly the same conditions 
as possible in order to make the data strictly comparable. The work 
was carried on at the United States Animal Husbandry Experiment 
Station, Beltsville, Md. 

The factors which were considered environmental, date of hatch 
and date of first egg, were studied to determine whether or not they 
had any influence on production and also what correlation, if any, 

1 Received for publication Jan. 9,1935; issued June 1935. 

’ Reference is made by number (italic) to Literature Cited, p. 588. 
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they might have with possible hereditary characters. The date of 
hatch of the Rhode Island Reds was approximately from the middle 
of March to the middle of May each year, the birds being hatched in 
eight weekly periods. The date of hatch of the White leghorns was 
from the last week in March to the middle of May, in seven weekly 
periods. 

The possible hereditary characters considered were: Sexual matu¬ 
rity (age at first egg), number of eggs laid during the first 50 days after 
sexual maturity, number of eggs laid before March 1, percentage of 

f )roduction before March 1, length of winter pause, number of eggs 
aid during the last 50 days of the 365-day period, and number of eggs 
laid during August and September of the year following the date of 
hatch. TWe characters were studied in both the Wliite Leghorns^ 
and Rhode Island Reds. One other hereditary character, broodiness,‘ 
was used for Rhode Island Reds only, because practically no broodi¬ 
ness existed in the strain of Wliite Leghorns. Therefore, tliis factor is 
discussed separately near the end of the paper. 

Most of the foregoing characters have been studied in previous 
investigations. However, since some of them seem to bo measures of 
the same hereditary characters, this study deals with the data pertain¬ 
ing to them in various wa,ys in order to deterinine, by the use of 
corrected partial and multiple correlation coefficients, which of tlie 
factors may be significantly correlated with total egg production but 
independent of the environmental influences considered and also 
independent of other hereditary characters. 

With respect to the partial correlation, Wallace and Snedecor {30, 
p. 56) state: 

To the novice, a word of warning should be said concerning a phrase wliich 
has become popular in biological literature. We read of '“DE.AHCX as the par¬ 
tial correlation between D and E, ^‘the other variables being held constant.^’ As 
a matter of fact, *’DE.ABCX is an average of a number of simple correlations, 
>‘DE, in groups having various values of A, B, C and D. There is no necessity of 
postulating the constancy of these variables. The very genius of the partial 
correlation coefficient is that it gives an average measure of association between 
two variables independent of the accompanying variation of the other variables. 
The persons using this phrase are limiting their thinking to an ideal situation in 
which experimental control is substituted for statistical control. This seems 
to us to be an unfortunately restricted attitude to take toward partial correlation. 

In the interpretation of the partial correlation coefficient, it is 
decidedly worth while to take cognizance of this criticism by Wallace 
and Snedecor. All tests for the significance of simple, partial, and 
multiple correlations and t values are taken from the table for signifi¬ 
cant values for r, B, and t by Wallace and Snedecor (SO). 

RESULTS AND DISCUSSION 

Table 1 contains all the simple correlation coeflRcients between the 
dei^ndent variable, total egg production, and each of nine independent 
variables. Table 2 gives the means and standard deviations for the 
different variables. The standard deviation is useful as a measure 
of absolute variation in comparing the variability of one breed with 
that of another with respect to the same character, or of one char¬ 
acter with another in the same breed or different breeds. 
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Table 1. —Simple correlations between various egg-production factors and between 
each factor and total production in White Leghorns and Rhode Island Reds ^ 


Simple correlation between factors indicated 


Egg-production 

factor 

Breed 

i 

Date 
of first 
egg 1 

Sex¬ 

ual 

ma¬ 

turity 

Eggs 

first 

5t) 

days 

Eggs 

to 

Mar.l 

Length 
of win¬ 
ter 

pause 

Per¬ 
cent¬ 
age of 
egg 
pro- 
duc- I 
tionto 
Mar.l 1 

Eggs 

Au¬ 

gust 

and 

Sep- 

tem- 

t)er 

Eggs 

last 

50 

days 

Total 

pro¬ 

duc¬ 

tion 

Date of hatch. 

White Leghorns. 

+0. OOfi! 

-1-0.220 

-0.040 

-0.364' 

-0.119 

-f0.036 

-0.024 

-0.291 

-0.168 


Rhode Island 

+0.427 

■f.ois 

-.031 

-.206 

140 

-t-.090 

+.078 

-.212 

+.068 


He<ls 


1 





Date of first egg-. 

White Leghorns. 


•4-.901 

-.0.33 

-.614 

-. 175 

-f.033 

-.085 

-.472 

-.288 

Rhode Island 


-i-.897 

-. 116 

-.615 

-.209 

-f. 018 

+.022 

-.344 

-.240 


Reds 
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Sexual maturity 
(age at first 

White Leghorn.s 
Rhode Island 



—.022 

—. 166 

-1-.022 

-.015 

—.093 

—.427 

-.272 

-.296 



-.112 

-.580 

-.171 

-.015 

-.340 

egg), days 

Reds 









Eggs first .'iO days. 

White Leghorns- 


... . 

_ __ 

-I-.498 

-.239 

-I-.619 

+.122 

+.117 

+.403 

number 

Rhode Island 




-f. 510 

-.2r3 

-f.654 

+. 134 

+. 162 

+.477 


Red.s. 






Eggs to Mur. 1, 
number. 

While l>eghorns 
Rhode Island 


- 

. 


-.496 

511 

i +.727 
+.760 

+.250 

+.110 

+.413 
! +.342 

+.680 

+.655 

Reds 





Length of winter 
pause, days. 

White Leghorns. 
Rhode Island 






-.774 

-.824 

-.179 

-.125 

-.054 

-.041 

-.422 

-.443 

Reds 

White Ivoghorns- 

i 




i 

Egg production to 
Afar 1, iMircent 


+.252 
+ 149 

+.172 
+. 150 

+. 626 
+.622 

Rboile Island 
Red.s. 

White Leghorn.s, 

-- 







+.726 

+.675 

Eggs August and 
September, 
number. 

+.602 

+.a62 

Rhode Island 







. 

Reds. 

White leghorns. 








Eggs la.st 60 days, 
number 


+.660 

+.667 

Rhode Island 









Reds. 










> Correlations to Ihj fairly significant must be 0 068 for White Leghorns and 0 062 for Rhode Island Reds; 
to be highly significant, they must be more than 0 094 for White Leghorns and 0 088 for Rhode Island Reds. 

Table 2 . —Means and standard deviations for the characters studied 


C'haracter .studied 

White Leghorns i 

Rhode Island Reds * 

Aleans 

Standard 

deviations 

Means 

1 

Standard 

deviations 

Sexual maturity (age at first egg). 

... _ days.. 

180.9 1 

27.6 

199.6 

29.8 

Eggs first 50 days... 

-number , 

28.2 

8.5 

31.2 

8.9 

Eggs to Mar. 1.- __ 

_do, 

77.6 

26.6 

74.2 

28.0 

Perwntage of production to Mar. 1. 

..... 

53.6 

14.5 

56.0 

16.2 

liength of winter pause ... 

- - -days-. 

20.7 

1 21.3 

21.6 

23.4 

Eggs August and September. 

number-- 

22.3 

14.8 

23.6 

13.3 

Eggs last 60 days.. 

-do-._ 

1 16.5 

! 13.4 

16.7 

! 12.4 

Total egg production.-. 

.do_ 

191.4 

46.9 

191.9 

44.6 


i Mean date of hatch, Apr. 10. Mean date of first egg, Oct. 7. 
»Mean date of hatch, Apr. 4. Mean date of first egg, Oct. 19. 


DATE OF HATCH 

It is evident from the data in table 1 that in both breeds studied 
there is a high and significant simple correlation between date of 
hatch and date of first egg. This was to be expected since it is logical 
to believe that the earlier a pullet is hatched the earlier she will lay 
her first egg. 
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The White Leghorn pullets have a simple correlation coeflBcient 
between date of hatch and sexual maturi^ of +0.220, which, statis¬ 
tically, is highly significant. The Rhode Island Reds, however, have 
an insignificant correlation of only +0.018 between these two char¬ 
acters. The White Leghorns also have a highly significant simple 
correlation of —0.158 between date of hatch and total egff production, 
whereas the Rhode Island Red pullets have only a barely significant 
coefficient of +0.068 between the same two characters. Therefore, 
the difference between the two breeds in the correlations between date 
of hatch and total egg production is probably due to the difference in 
their sexual maturity. If this assumption is true, the corrected 
partial correlation coefficient between the date of hatch and total egg 
production should be insignificant. The other variables includea, 
were age at first egg, date of first egg, winter pause, percentage of 
production, and the number of eggs laid during August and September. 
The assumption was found to be true, the coefficients being +0.042 
for the White Leghorns and —0.054 for the Rhode Island Reds. 

Hays, Sanborn, and Janies (/3), Kempster {21\ ITpp and Thompson 
{29) y and Knox {26)^ obtained more or less significant and sometimes 
contradictory results. The differences among the data of the various 
investigators may be ascribed to the reasons that Kempster {21) 
gives in his conclusions: That the date of hatching and its association 
with sexual maturity is dependent on flock management, and that late 
hatching tends slightly to reduce the ago at which the first egg is laid. 
In addition, it may be due to the difference in the range of the date of 
hatch. 

Knox {26) has shown that there is a curvilinear correlation between 
the date of hatch and the total number of eggs produced in the pullet 
year for the 17 weekly hatches which he studied. Hence, different 
correlations might be expected, depending on the part of the curve 
from which the data were taken. If the data were taken from the 
fore part of the curve it would be positive; from the middle part, 
insignificant; and from the last part, negative. When the hatching 
period used in the present study is compared with a similar period in 
Knox's study, there is little evidence in either case of any significant 
correlation. The hatching period of 8 weeks used in this study is 
probably the most practical and economical one and the one that is 
most used by commercial poultry men. 

It is also possible that if the other investigators had used a corrected 
partial correlation coefficient a much lower or even an insignificant 
correlation would have been found between the date of hatch and 
total egg production. 

The data of Hays {8) are at variance with the data obtained in the 
present study, that is, that hatching date has no significant effect upon 
total egg production. He states (8, p, 8): 

These [coefficients of variation], together with the gross data presented in the 
table, show clearly that hatching date does affect annual egg production and 
variability in production. 

It is questionable whether the data given by him show anything 
except normal variation. It will also be noted that as the number of 
individuals in each group increased materially, the coefficient of 
variation of the means decreased, a normal expectation. In any 
event, the coefficient of variation is a relative measure of variation 
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and shows whether or not there is more variability in one character 
than in another. Hence, the gross data, and not the coefficients of 
variation, presented by him showed the effect of hatching date upon 
annual egg production. 

If hatching date affects egg production, the gross data of Hays (S) 
for the 4 years, if compiled in eight weekly hatches, should show a 
definite trend in egg production. Wlien the data are thus compiled, 
it is seen that hatching date has little or no effect on egg production. 
What trend is apparent is directly opposite to that usually reported, 
which is that the earlier a bird is hatched the more eggs she will lay 
in her first laying year. However, when the average egg production 
of the birds from the first 4 hatches is compared with the average 
egg production of the birds from the last 4 hatches it is found that 
there is a difference of only 16+ eggs, hardly enough to be significant. 
Even if the difference were significant it would still be necessary to 
find out whether or not there would be a significant partial correlation. 
As has been shown in this investigation, it is possible to obtain a sig¬ 
nificant correlation coefficient and yet have an insignificant corrected 
partial correlation coefficient. 

DATE OF FIRST EGG 

The correlation coefficients of +0.901 and +0.897 for the Wliite 
Leghorn and Rhode Island Red pullets, respectively, between date of 
first egg and sexual maturity are very high (table 1). Sexual matur¬ 
ity is obtained by determining the number of days elapsing between 
the date of hatch and the dat^e of first egg. Hence, if the hatching 
date were held constant, sexual maturity would be the controlling 
factor in establishing the date of first egg, in which case the simple 
correlation coefficient between sexual maturity and date of first 
egg would be 1.00. Even when the date of hatch varies over an 
interval of 7 or 8 weeks, as was the case in the present study, a high 
correlation may be expected between these two variables. The high 
correlation coefficients between them in this study agree with the 
data of elull {10), and with the data of Knox {25) when the date of 
hatch was limited to a period of 7 or 8 weeks. 

The simple correlation coefficients between date of first egg and 
total egg production were found to be highly significant in both 
breeds, —0.288 for the White Leghorns and —0.240 for the Rhode 
Island Reds. However, as stated by Knox { 24 , p. 249 )— 

It would be of considerable value for predicting the future egg production of 
pullets to know exactly what this association w'ould mean statistically and 
whether or not the date of first egg is more important than sexual maturity. 

He further states {24^ V- ^4^)'* 

* * * it is difficult to differentiate between them, but a multiple correlation 

study and the use of partial regression coefficients ought to give a true indica¬ 
tion of the actual statistical value of each with winter, spring, and annual egg 
production. 

With this in mind, the writers calculated the partial correlation 
coefficient between the date of first e^g and total egg production 
and found it to be of insignificant value m both breeds, being —0.016 
for the White Ijeghorn and —0.055 for the Rhode Island Red pullets. 
In obtaining the partial correlation coefficients, the other variables 
included were date of hatch, sexual maturity, percentage of produc- 
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tion to March 1, and egg production during August and September 
of the year following date of hatch. 

The data presented concerning the simple correlation coefficients 
agree with the data of Jull (iO), Kemps ter (20) ^ Maw and Maw 
(27), Hauschildt (7), and Knox (25). However, Kempster and 
Knox each found a curvilinear relationship between date of first 
egg and total egg production, which was probably due to the fact 
that their data included a greater range in the date of hatch and 
date of first egg than is included in this investigation. When the 
data of the different investigators are compared empirically month 
for month the same relative association is found as for the period 
considered in this investigation. However, the partial correlation 
coefficient, which none of the previous investigators included, shows 
that the date of first egg is not significantly correlated with total 
egg production and that the significant simple correlation coefficients 
found in this study, and probably in the previous investigations 
mentioned, are due to some other factor, possibly sexual maturity. 

Therefore, within the limits of this study, neither of the two 
environmental factors considered—date of hatch and date of first 
egg—^has any significant correlation with total egg production, as 
shown by the corrected partial correlation coefficient with total 
egg production. 

SEXUAL MATURITY 


Sexual maturity, already defined as the number of days that elapse 
between the date that the pullet is hatched and the date that she 
lays her first egg, is the first hereditary character considered in this 
paper. The same character has been variously designated by other 
investigators as age in days laying commences, maturity, sexual 
maturity, and age at first egg. 

The simple correlation coefficients, between sexual maturity and 
total egg production, of —0.272 for the White Leghorns and —0.296 
for the Rhode Island Reds are relatively large and highly significant. 
The partial correlation coefficients are even higher, —0.398 for the 
White Leghorns and —0.479 for the Rhode Island Reds, the other 
variables considered being winter pause, percentage of production 
to March 1, and number of eggs during August and September of 
the year following the date of hatch. Hence it is apparent that 
sexual maturity is highly and significantly correlated with total egg 
production. 

Similar observations concerning the simple correlations have been 
made by Ball and Alder (f), Kennard (22), Hervey (14)} Hays and 
Bennett (9), Hays, Sanborn, and James (IS), Jull (16,17), Kempster 
(19, 20), Parkhurst (28), Knox (28), Buster (2, 3), and Graham.^ 
None of these investigators calculated any partial correlation 
coefficients. 

The simple correlation coefficients between sexual maturity and 
total egg production obtained by Hays and Sanborn and by the 
present authors are in agreement, but the partial correlation co¬ 
efficients are not. Hays and Sanborn obtained a partial correlation 
coefficient of —0.0238 ±0.0177, which is insignificant. The authors, 
on the other hand, obtained a significant partial correlation co- 


» f COBEELATION 80*^^ WKJQHT AT FIRST EGO AND AVKRAOX MONTHLY AND ANNUAL 

j^G.. WRIGHT IN RHODE ISLAND REDS. (Unpublished manuscript.) 
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efficient of —0.479 for the same breed. This seeming lack of agree¬ 
ment may be due, however, to the highly significant simple correla¬ 
tion coefficient, —0.5956, which Hays and Sanborn observed between 
sexual maturity and their particular measure of persistence. Their 
measure of persistence, which is discussed more fully later, seems 
questionable because the high correlation between sexual maturity 
and the measure of persistence that they used was probably responsi¬ 
ble for lowering the partial correlation coefficient between sexual 
maturity and egg production. 

RATE OF LAYING 

Four different measures of tlie rate of laying were studied, namely: 
Number of eggs laid during the first 50 days of production, number 
of eggs laid to March 1, length of winter pause, and percentage of 
production to March 1. There may be some question as to whether 
these four measures of rate are comparable. If they are comparable, 
then a high correlation coefficient should be obtained between each 
pair of the four measures and similar correlations should be obtained 
f)etween each measure and total egg production. 

The correlation coefficient between the number of eggs laid the 
first 50 days and date of hatch is insignificant for both the White 
Leghorns and the Rhode Island Reds (table 1). The correlations 
between the former character and each of the two characters, date 
of first egg and sexual maturity, although insignificant in the case 
of the White Leghorns, are low but highly significant in the case 
of the Rhode Island Reds. The correlations between the number 
of eggs the first 50 days and each of the four characters, eggs to 
March 1, winter pause, percentage of production to March 1, and 
total production, are higli and significant in both breeds. 

Evidently the number of eggs laid the first 50 days is influenced 
rdatively little by the date of hatch and has practically no correla¬ 
tion with date of first egg and sexual maturity, except in the Rhode 
Island Reds, in which case the cxirrelation coefficient is — 0.115. How¬ 
ever, it has a high and significant simple correlation with the other 
measures of rate and with egg production. The number of leggs laid 
the first 50 days has a higher partial correlation with egg production 
than the simple correlation coefiFicient, being +0.461 and +0.518 for 
the White Leghorns and Rhode Island Reds, respectively. This 
nieasure of rate, therefore, is a good one to use, provided no other one 
has a higher partial correlation coefficient with annual egg production 
and no significant correlation coefficient with environmental factors 
or other hereditary factors. 

The number of eggs laid to March 1 has been considered by several 
investigators as winter egg production. Table 1 shows that the 
number of eggs laid to March 1 is highly and significantly correlated 
with the date of hatch and the date of first egg in both breeds. It 
is also highly correlated with the other measures of rate and with 
total egg production. The partial correlation between the number 
of eggs to March 1 and total egg production was found to be +0.605 
for the White Leghorns and +0,735 for the Rhode Island Reds. 

Because this measure of rate is highly correlated with the two 
environmental factors studied^ it is not so desirable a nieasure to use 
as is the number of eggs laid m the first 60 days. This seems to be 
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obvious even though the number of eggs laid to March 1 has a higher 
correlation with the other measures of rate and with egg production. 

The number of eggs laid before March 1 has been used as a measure 
of rate by many investigators in genetic and statistical studies of 
egg production. When the previously mentioned facts regarding tliis 
factor are considered, it is evident that any adequate genetic or statis¬ 
tical interpretation is not only difficult but hazardous and in all 
probability should not be used in a study of egg production. This, 
of course, does not preclude the impprtance of economic studies of 
winter egg production. 

Winter pause, another measure of rate studied, has been considered 
variously by different investigators. In this investigation, winter 
pause is considered as the accumulated number of days that produc¬ 
tion has ceased for periods of 4 days or more. 

The data in table 1 show that winter pause, as defined, is signi¬ 
ficantly correlated with the date of hatch, date of first egg, and sexual 
matunty. Any one of these correlations would be sufficient to elimi¬ 
nate it frojin consideration, even though it is highly correlated with 
the other measures of rate and with total egg production. This is 
substantiated by the partial correlation coefficients of +0.049 for 
the White Leghorns and —0.077 for the Rhode Island Reds between 
winter pause and total egg production, when percentage of production 
to March 1 is used as one of the other variables. These coefficients 
show that winter pause has very little actual correlation with total 
egg production. Therefore, such a measure is not only significantly 
correlated with the environjmental factors studied but as a reciprocal 
is more or less a statistical duplication of the percentage of production 
to March 1. 

In addition to this, winter pause is difficult to use in studies on 
production. In this connection, Goodale and Sanborn (*5, y>. 115) 
made the following observation: 

The trait [winter pause] does not lend itself to ordinary statistical treatment 
because of its nature, which depends partly o!i an inherent condition of the strain, 
and partly on enviromnental conditions, particularly those th,at determine the 
time of year when birds begin to lay. Further, it is possible that more than one 
cycle is involved. 

Then, again, Jull (18, p. 226, 227), in his study of factors affecting 
egg production, states that— 

No attem])t has been made to separate the pauses occurring in each V)ird’s 
record according to whether they were caused by external factors or were due to 
inheritance, because no method has been made known whereby the facts can be 
determined 

Therefore, because of the difficulty of determining a satisfactory 
measure of winter pause, the inability to separate the influence of 
environment and inheritance, its doubtful value as shown by the 
present correlation study, and its insignificant partial correlation 
with egg production, winter pause should be eliminated from consider¬ 
ation in any attempt to solve the problem of the inheritance of egg 
production. 

The last measure of rate used is the percentage of egg production 
from the date of first egg to March 1. This measure has been termed 
intensity of productionby some writers. Hurst {15) was probably 
the first investigator to study this particular measure of rate. Few 
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investigators have seen fit to use it, yet the data in table 1 show that 
it is ideal. It has practically no correlation with the date of hatch 
for the White Leghorns, and a coefficient of only +0.090 for the 
Rhode Island Reds and practically no correlation with date of first 
egg and sexual maturity for either breed. In addition, it has a high 
simple correlation coefficient with total egg production (+0.626 
for the White Leghorns and +0.622 for the Rhode Island Reds) 
and a correspondingly high partial correlation coefficient (+0.555 
for the White Leghorns and +0.568 for the Rhode Island Reds). 

The data agree with those of Hays and Sanborn (I if), who obtained 
a correlation coefficient of +0.48di:0.01 between rate of production 
(percentage of production to March 1) and total annual production 
for 2,528 Rhode Island Red pullets. Knox {2S) obtained a correlation 
coefficient of +0.34 ±0.08 between rate of production based on the 
2 consecutive months of highest production (another measure of rate) 
and total annual prodiu^tion in White Plymouth Rocks. 

However, the data of Hays and Sanborn {11) showed a significant 
correlation in Rhode Island Reds between rate of production and 
sexual maturity, the coefficient being —0.23 + 0.01, whereas the 
present authors found a correlation coefficient of +0.022 in the White 
Leghorns and of —0.015 in the Rhode Island Red pullets, respectively, 
signifying practically no correlation. It may oe that the lack of 
agreement is due to the different methods of calculating rates. Hays 
and Sanborn {11) calculated rate, as reported by them (iO), by using 
the number of eggs laid from the date of first egg to March 1, divided 
by the number of davs from first egg to March 1, less all pauses of 4 
or more days from November 1 to Marcdi 1, The authors figured 
percentage of production to March 1 in a similar manner but included 
the pauses, a method which seems less arbitrary than the one used by 
Hays and Sanborn {11), 

From these data it is apparent that percentage of egg production 
from date of first egg to Marcli 1 should be used to a greater extent 
in future statistical and genetic investigations of egg production 
than has been done in the past. It is much to be preferred to the 
more generally used measure of rate, the number of eggs to March 1, 
or to winter pause. It is also a better measure of rate than the num¬ 
ber of eggs laid in the first 50 days of production as measured by the 
size of the correlation coefficienta with egg production and lack of 
correlation with the environmental factors used. 

PERSISTENCE 

The two measures of persistence chosen were the number of eggs 
laid during the last 50 days of the 365-day period and the number of 
eggs laid during August and September of the year following the date 
of hatch of the pullets. These were studied m the same manner as 
the different measures of rate. 

As shown by table 1, the number of eggs laid during the last 50 
days of the laying year is evidently highly and significantly correlated 
with the environmental factors considered and with sexual maturity 
and percentage of production to March 1, although least with respect 
to the latter. It also has a very high and significant simple correla¬ 
tion coefficient with total egg production, bemg +0.660 and +0.667 
for the White Leghorns and Rhode Island Reds, respectively. The 
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partial correlation coefficients were slightly higher in both breeds, 
being +0.667 for the White Leghorns and +0.700 for the Rhode 
Island Reds. In spite of these high correlations with total egg pro¬ 
duction, the number of eggs laid the last 50 days should be eliminated 
from all statistical and genetic studies of egg production because of 
the high correlations between tliis factor and each of the following: 
Date of hatch, date of first egg, sexual maturity, and percentage of 
production before March 1. 

The simple correlation coefficients of the number of eggs laid in the 
last 50 days with date of hatch, sexual maturity, percentage of pro- 
diiction to March 1, and total egg production, agree substantially 
with the results reported by Hays and Sanborn (iO, 12). The saine 
is true of the partial correlation coefficients. This would indicate 
that the number of eggs laid the last 50 days of the 365-ciay period, 
used by the authors, and the length of the laying period tabulated in 
class intervals of 15 days, the method used by Hays and Sanborn 
(fO), are similar measures of persistence. Ilarris and Lewis ie) 
obtained a correlation coefficient of —0.2438 + 0.0302 between date 
of first egg and date of cessation of laying, which agrees substantially 
with the correlation coefficient given in table 1 between date of first 
^i^d number of eggs laid the last 50 days of the laying year. 
The reasons given by the authors for eliminating from consideration 
the number of eggs laid in the last 50 days of the laying year are no 
doubt applicable to the length of the laying period, and probably to 
the date of cessation of laying as reported by Hays and Sanborn {10) 
and Harris and Lewis (6*), respectively. 

The other measure of persistence, the number of eggs laid during 
August and September of the year following the date of hatch, was 
found to be a better measure of persistence than the number of eggs 
laid during the last 50 days of the laying year, as shown by the data 
in table 1. 

There are evidently no higlily significant correlations in either breed 
between the number of eggs laid during August and September and 
the date of hatch, date of first egg, and sexual maturity. This meas¬ 
ure of persistence is liiglily ana significantly correlated with per¬ 
centage of production to March 1 in both breeds, the simple correla¬ 
tion coefficients being +0.252 and +0.149 and the partial correla- 
^^ons +0.078 and +0.164 for the White Leghorns and the Rhode 
Island Reds, respectively. This may be due to the linkage of some 
of the major genes for egg production, but it is more likely to be due 
to tlie fact that percentage of production is calculated from a part of 
the whole production), and persistence is measured as a part of 
the sanie whole, and both, in a way, measure the same trait at differ¬ 
ent penods. The number of eggs laid during August and September 
may be considered as an expression of rate late in the laying year, as 
well as persistence. For instance, a bird that lays 30 eggs during 
this penod would have a late rate of approximately 50 percent. It 
would be natural, therefore, to expect some correlation between 
nuinber of eggs laid during August and September and percentage of 
produclaon to March 1. As a matter of fact, it is surprising that the 
correlation coefficient between them is so low. Furthermore, the 
partial co^elation coefficient between persistence and egg production, 
which includes percentage of production to March 1 as one of the 
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variables, is liigher than the simple correlation coefficient, being 
+0.733 for the White Leghorns and +0.772 for the Rhode Island 
Reds. This would indicate that even when the percentage of pro¬ 
duction to March 1 is used as one of the variables there was no lower¬ 
ing of the correlation between the number of eggs laid during August 
and September and total egg production. 

The data in table 3 show the correlation coefficients between per¬ 
sistence and various factors, obtained by Hays and Sanborn (If) and 
the present authors. Since the simple correlation coefficients be¬ 
tween the number of eggs the last 50 days and Hays and Sanborn's 
measure of persistence are not significantly different, the two meas¬ 
ures may be considered the same. These correlations were obtained 
even though the Rhode Island Red population (signifying both 
number of birds and various strains) was different in each case and 
different years were involved. The data in this table show also that 
the number of eggs laid during August and September is the only 
measure of persistence that lacks a significant correlation with sexual 
maturity, and it has the lowest correlation with the date of hateh 
and with sexual maturity. Hence, the number of eggs laid during 
August and September evidently is the best measure of persistence. 

Table 3. —Comparison of correlation coefficients between different measures of 
persistence and the factors mdicaled^ for Rhode Island Reds 


Investigators and measure of 
I^rsistenoe used 


Item of cotriparisun 

Mays and 
Sanborn i 

Knox, lull, and 
Quinn 

Last 50 
days 

August and 
September 

SiTiiple correlation coefficient between persistence and— 

Total egg production.-.. 

Percentage of production to Mar. 1___ 

+0.70H 
-f. J84 
-.615 
-.221 

+0.667 
+. 160 
- 340 
-.212 

+0.652 
+. 149 
-.015 
+.078 

Sexual maturity____ 

Date of hatch........ 



1 Their measure of i)er.si.stence was a class interval of lf> days with a range of from 67 to 366 days. 


The evidence presented does not necessarily show that linkage exists 
between sexual maturity and persistence, for the relation between the 
two might be due to an inadequate measure of persistence. This line 
of reasoning would invalidate the use of the low partial correlation 
coefficients reported by Hays and Sanborn (f/) between sexiial 
matiuity and total production because of the high simple correlation 
between sexual maturity and the measure of persistence used. 

MULTIPLE COHRELATIONS 

In considering the problem from the standpoint of a multiple corre¬ 
lation study, the authors formulated table 4. The method of presen¬ 
tation is predicated, in part, on the deductions of Ezekiel (^, p. 261), 
who states: 

* ♦ * it is evident that the reliability of a regression coefficient varies 

directly with the multiple correlation of the dependent factor with the other 
factors, but inversely with the multiple correlation of the particular independent 
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factor with the other independentB. The more closely a particular independent 
factor can be estimated from the other factors present, the less accurately can the 
net relation of the dependent factor to it be determined. 

In calculating B and R in table 4, the authors used total egg pro¬ 
duction as the dependent variable with six independent variables. 
R represents the multiple correlation coefficient, and multiple R the 
most probable correlation for the fowls of the universe. Date of hatch, 
date of first egg, sexual maturity, and winter pause were used in each 
of the correlations. The other two independent variables consisted of 
some measure of rate and persistence, as shown in table 4. Various 
measures of rate and persistence were substituted for others to deter¬ 
mine whether the different measures would improve the prediction 
value. 


Table 4. —Multiple correlaiiona of six variables mth total egg production 


Four variablas > and— 

White Leghorns 

Rhode Island Reds 

R 

-R 

H 

R 

Number of eggs August and September; i)ercentage of produc¬ 
tion to Mar. l._.-... 

0 874 

0.873 

0.887 

0.886 

Number of eggs August and September; number of eggs to 
Mar. 1..... . .. 

.876 

.875 

.894 

.803 

Number of eggs August and September: number of eggs first 
50 days.-.-. 

1 

.846 i 

.844 

.865 

.864 

Number of eggs last 50 days; i)ercentage of production to Mar. 1 

.841 

.840 

.865 

.864 


1 Date of hatch, date of flr.st egg, se^cual maturity, and winter pause. 


The table shows that there is little difference between the multiple 
R and R for the different measures substituted. In onlv one case was 
the difference significant. When the number of eggs laid in August 
and September was substituted for the number laid during the last 
50 days, the R was increased from 0.840 to 0.873 in the case of the 
Leghorns and from 0.854 to 0.886 in the case of the Rhode Island Reds. 
As the value of p is between 0.01 and 0.02, the difference between the 
Rs was significant in both breeds. The number of eggs laid in August 
and September, therefore, is the more valuable measure of persistence. 

Since there is no material difference in the multiple correlation 
coefficients when different measures of rate are used, as shown in 
table 4, it is evident that they are measures of the same trait. Hence, 
from the discussion of the various simple, corrected partial, and 
multiple correlation coefficients, the following statements may be 
made: It is evident that when the date of hatch and the date of first 
egg occur at the proper time and within the limits of this experiment, 
they have no significant effect upon total egg production. Further¬ 
more, the best measures of rate and persistence to use are the per¬ 
centage of production before March 1 and the number of eggs laid 
during August and September of the year following the date of natch. 
These two measures may be considered as hereditary characteristics, 
as is sexual maturity. From the foregoing evidence it Would be 
expected that a multiple correlation coefficient between total egg 
production and the three hereditary characteristics just mentionea 
would be practically of the same magnitude as the highest of those 
shown in table 4, which include six independent variables. 
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Therefore, the multiple correlation coefficients between total egg 
production and the three major factors, sexual maturity, percentage 
of production to March 1, and eggs laid during August and September, 
were calculated. For the White Leghorns the R and R were each 
found to be 0.866; for the Rhode Island Reds, 0.887 and 0.886, respec¬ 
tively. For each breed the highest multiple correlation coefficient (i?) 
is not materially different from the highest one given in table 4. 
The multiple correlation coefficient for the universe {H) in the Rhode 
Island Reds, 0.886, is the same as for the same variables used in table 
4, which included, in addition, the variables date of hatch, date of 
first egg, and winter pause. This correlatiori (R) for the White Leghorn 
pullets is not significantly different. It is evident, therefore, that 
there is little to be gained by the addition of any more independent 
variables studied than the three major ones previously mentioned. 

That these major variables add significant amounts to correlation 
is shown by the following: For the White Leghorns and Rhode Island 
Reds the simple correlation between number of eggs laid during 
August and September and total egg production is 0.692 and 0.652, 
respectively. When percentage of production to March 1 is added in 
a multiple correlation study, the multiple correlation coefficient is 
0.839 and 0.850, respectively. The further addition of sexual maturity 
increases the coefficient to 0.866 and 0.886, respectively. 

BROODINESS 

Correlations were obtained between broodiness in Rhode Island 
Reds and various egg-production factors. The simple correlation 
with sexual maturity was +0.208; with percentage of production to 
March 1, —0.148; with number of eggs laid during August and Sep¬ 
tember of the year following date of hatch, —0.156; and with total 
production, —0.342. Between broodiness and total production the 
correeted partial correlation coefficient was —0.260, R was 0.894, 
and R was 0.894, when sexual maturity, percentage of production to 
March I, and the number of eggs laid during August and September 
were considered as additional variables. Because there was little 
broodiness in the White Ijeghorns, their records were not used in the 
correlation coefficient studies. 

All the correlation coefficients are significant. They apparently 
indicate that later maturing birds are more likely to bo broody than 
early maturing birds and that broodiness tends to reduce the rate and 

E ersistence of production. It may be that the correlation between 
roodiness and sexual maturity iniiicates some linkage between them. 
In any event, it would tend to complicate the interpretation of the 
inheritance of broodiness. Although the multiple correlation (0.894) 
is higher than the correlation (0.887) between total egg production 
and the three m^or factors previously mentioned, the difference is 
not significant. Tliis may be due to selection over a period of years 
against broodiness, which would tend td lower the correlation. 

The data of Hays and Sanborn {12) agree with the data of the 
authors with the exception of the low correlation which they obtained 
between broodiness and their particular measure of persistence. The 
differences between the findings of the authors and of Hays and San¬ 
born may be due to different populations and selection of nonbroody 
birds over a long period of time. 
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Hays and Sanborn {12) obtained a multiple correlation of 0.864 
between egg production in Khode Island Red pullets and five traits, 
but they used different measures of rate and persistence than were 
used in this study. The present authors obtained a multiple correla¬ 
tion of 0.894 for the Rhode Island Red data when four independent 
variables were used, and 0.887 when only three variables were used. 
The difference between the two coefficients 0.894 and 0.864 is highly 
significant, since the value of t is greater than 3. Even if the difference 
were insignificant, it would indicate th^t the addition of other meas¬ 
ures, which are more or less duplicates, add practically nothing to the 
multiple correlation. 

SUMMARY AND CONCLUSIONS 

The records of 903 Rhode Island Red pullets and 884 Single-Comb 
White Leghorn pullets were used in 1928, 1929, and 1930 to ascertain 
the influence of the date of hatch and the date of first egg upon egg 
production during the first year, to find adequate criteria for predicting 
or estimating relative egg production, and to establish any linkages 
that might exist as indicated by the correlation coefficients. 

It was found that the date of hatch and date of first egg have an 
insignificant effect upon egg production when the date of hatch is 
during the normal hatching season and of 7 or 8 weeks^ duration^ the 
period covered by this study. This fact was ascertained through the 
use of partial correlation coefficients. Between date of hatch and egg 
production these coefficients were +0.042 for the Wliite Leghorns 
and —0.054 for the Rhode Island Reds, and between date of first egg 
and egg production they were —0.016 for the White Leghorns and 
—0.055 for the Rhode Island Reds. 

The following known measures of hereditary traits that control egg 
production were used in this study: Sexual maturity (age at first 
egg), number of eggs laid the first 50 days, number of eggs laid to 
March 1, length of winter pause, percentage of production to March 
1, number of eggs laid during August and September of the vear 
following date of hatch, number of eggs laid the last 50 days of the 
first laying year, and broodiness. 

Between sexual maturity and total egg production, the partial 
correlation coefficients, wh^h were —0.398 tor the Wliite Ijcghorns 
and —0.479 for the Rhode Island Reds, were highly significant even 
though percentage of production to March 1, length of winter pause, 
and the number of eggs laid during August and September were 
included as the other variables. 

It was found that the number of eggs laid the first 50 days, the 
number of eggs to March 1, length of winter pause, and percentage of 
production to March 1 were all measures of the same trait, rate of 
production. The best of these measures was found to be the percent¬ 
age of production to March 1. This measure of rate had the smallest 
correlation coefficient with each of the environmental factors studied 
and, with the exception of the number of eggs the first 50 days, with 
sexual maturity also. In addition, the percentage of production to 
March 1 had a high partial correlation coefficient with egg production, 
+0.555 and +0.568 for the Wliite Leghorns and Rhode Island Reds, 
respectively. 

The number of eggs laid during August and September of the year 
fallowing the date of hatch and the number of eggs laid the last 50 
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days of the first laying year were found to be similar measures of per¬ 
sistence of production. The better of these two measures was the 
number of eggs laid during August and September. The partial cor¬ 
relation coefficients between this measure of persistence and egg 
production were +0.733 for the White Leghorns and +0.772 for the 
Rhode Island Reds, these coefficients being higher than those between 
the other measure of persistence and egg proouction. The number of 
eggs laid during August and September had a much smaller correlation 
coefficient with each of the environmental and hereditary factors con¬ 
sidered, except length of winter pause and percentage of production 
to March 1, than the niunber of eggs laid the last 50 days. 

Broodiness was studied in the Rhode Island Red pullets only, as 
very little broodiness was encountered in the Wlute Leghorns that 
wore used. A partial correlation coefficient of —0.260 was obtained 
between broodiness and egg production. It was found also that the 
broody hens, on an average, matured later, laid at a slower rate, and 
were less persistent in production than the nonbroody hens. 

The tliree major liereditary traits—sexual maturity, rate as meas- 
un»d by percentage of production to March 1, and persistence as 
measured by number of eggs laid during August and September-- had 
a high multiple correlation with first-year egg production in both 
breeds. The multiple correlation coefficients, jK , were 0.866 and 0.886 
for the White Leghorns and Rhode Island Reds, respectively. W^en 
the fourth trait, broodiness, was added to these major traits in a 
multiple correlation study in the Rhode Island Reds, the coefficient, 
R, was found to be 0.894. Other factors that were studied, when added 
to the three major traits mentioned, produced no significant change 
in the size of the multiple correlation coefficient. 

No evidence of linkage was found in either breed between the best 
measure of rate—percentage of production to March 1—and sexual 
maturity, as indicated by the coefficients. The simple correlation 
coefficients were very insignificant, being +0.022 and —0.015 for the 
White Leghorns and Rhode Island Reds, respectively. The simple 
correlation coefficients between the better measure of persistence— 
the nuinber of eggs laid during August and September—and sexual 
maturity were —0.093 and —0.015 for the White Leghorns and Rhode 
Island Reds, respectively, indicating that there was comparatively 
little significance or linkage between these factors. 

Partial correlation coefficients of +0.078 in the case of the White 
Ijoghorns and +0.164 in the Rhode Island Reds were found between 
I)ercentage of production to March 1 and the number of eggs laid 
during August and September. These significant correlations are 
probably due to the fact that these two traits are measures of dif¬ 
ferent parts of the whole (first-year egg production) and in a way are 
measures of the same thing at different periods, rather than being 
duo to any linkage relationship. Even though they are calculated 
from different parts of the whole, the partial correlation coefficients 
are low enough to permit the use of both rate and persistence as 
criteria of egg production. 

The simpte correlation coefficients between the number of eggs laid 
during August and September and first-year egg production were 
+0.692 for the White Leghorns and +0.652 for the Rhode Isl^ds 
Reds. When the multi^e correlation coefficients were obtained 
between the number of eggs laid during August and September, the 
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f )erceiitage of production to March 1, and total egg production, the 
ast-mentioned factor being used as the dependent variable, the 
coefficients obtained were 0.839 and 0.850 for the White Leghorns 
and Rhode Island Reds, respectively. The differences between the 
simple and multiple correlation coefficients were 0.147 and 0.198, 
and are highly significant. Therefore, as the percentage of produc¬ 
tion to March 1 adds a significant amount to the simple correlation 
coefficient between the number of eggs laid during August and 
September and egg production, it is desirable that both percentage of 
production to March 1 and the number of eggs laid during August 
and ^ptember be included in statistical and genetic investigations of 
egg production. 
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CYTOGENETICS OF TETRAPLOID MAIZE ‘ 

By L, F- Randolph 

Afisociate cyiologist, Division of Cereal Crops and Diseases^ Bureau of Plant Indus- 
tryy United States Department of Agricullnrey and associate in research {cytology) ^ 
New York State College of Agriculture. 

INTRODUCTION 

Tetraploidy is unknown in normal stocks of maize, although large 
numbers of individuals have been examined cytologically and in¬ 
spected under field conditions for the purpose of detecting tetra- 
ploids. In other plant genera, such as Oenothera^ Datura, and Primula, 
which have been used extensively in breeding experiments, tetra- 
ploid individuals have been discoverexl at infrequent intervals. These 
tetraploid mutants with twice as many chromosomes as the normal 
diploids ordinarily exhibit gigas, or giant characteristics. Plant 
species with chromosome numbers in multiples of some base number 
sucli as 5, 7, 9, etc., are of wide-spread occurrence in nature. This 
fact suggests that chromosome doubling has played an important 
j)art in tiie evolution of new species. 

The experimental production of tetraploid maize (Zea mayfi L.) 
was accomplished by subjecting plants in the early embryonic stage 
to high temperatures for short periods.^ The treatments of the 
young cars were carefully timed to coincide wdth the first cell divisions 
in the development of the proembryo from the zygote. This was 
done in order to obtain individuals that would be entirely tetraploid.*^ 
Tetraploids were induced by the heat treatments with a frequency 
ranging from 2 to 5 percent. In addition, aborted, scarred, and 
defective grains and grains with mosaic endosperms were produced 
on the treated ears (fig. 1), 

APPEARANCE OF TETRAPLOIDS 

The giant characteristics typical of most tetraploids are only mod¬ 
erately developed in the vegetative organs of maize tetraploids. But 
the structures associated with the process of reproduction are definitely 
enlarged. In general appearance maize tetraploids do not differ 
markedly from the related diploid plants (fig. 2). They are of about 
the same height and have a similar habit of growth. However, their 
stalks are thicker and sturdier and the leaves are somewhat broader 
and thicker. The tassels also are larger and the individual parts of 
the staminate inflorescence are conspicuously enlarged. Abundant 

‘ Received for publication Nov. 27, 1934; issued Juno 1935. Cooperative investigations of the Di¬ 
vision of Ceroal Crops and Diseases, Bureau of Plant Industry, IT. S. Department of Agriculture, and the 
Department of Botany, New York State CoU^e of Agriculture, Cornell University. This investigation 
was aided by a grant from the committee on effects of radiation upon living organisms, of the Division of 
Biology and Agriculture, National Research Council. 

» Randolph, L. F. somb effects of high tkmpkratuee on polyploidy and othbr variations in 
MAIZE. Natl. Acad. Sci. Proc. 18: 222-229. 1932. 

* Rhoades, V. H. a study of fertilization in zea mays. (Master's thesis, Cornell UnivO 1934. 
[In manuscript.] Rhoades determined the time interval from pollination to fertilization in maize at a 
constant temperature of 25® C With silk lengths of 7 to ll cm the interval was 15 hours; with silks 11 to 
14 cm long the interval was 17 hours. The primary endosperm nucleus was found to divide almost Immedi¬ 
ately after fertilization, and 4 to 8 endosiwrm nuclei were present at the time of the division of the zygote 
10 to 12 hours after fertilization. 
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pollen of uniform size but much larger than that of diploids is pro¬ 
duced by the 4w ydants (%. 3, A, li). From the seedling stage to 
maturity the 4??, as compared with the 2n individuals of the same 
stage in development, have larger and more widely spaced stomata 
and correspondingly larger epidermal cells (fig. 3^ C, D). These 
differences serve r.s useful criteria for identifying the tetra])loids. 

The ears and ktuiiels of tetra])loid maize are distinctly larger than 
those of comparable diploid stocks. This fact was clearly demonstrat¬ 
ed by an experiment in which tetraploi<}y was induced in the Fi hybrid 



Figure 1.—Mature enrs of maize treated with heat shortly after fertilization to induce tetraploidy. In 
addition to the production of tetraploids, the normal frequenev of defective, scarred, and mosaic grains 
also was markedly increased by the heat tieatinents. 


between two similar inbred lines and in which a comparison was made 
between self-pollinated tetraploid and diploid lines derived from the 
induced tetraploids and their diploid sibs. In figure 4 are illustrated 
ears that are representative of the parental diploid lines, the Fi 
diploid hybrid, and a derived tetraploid line. 

To obtain an indication of the relative weights of the 2n and An 
kernels in these lines, several samples of shelled grain, each containing 
1,000 kernels, were weighed. The average weight of three such 
diploid samples was 221.6 g; the average for the same number of 
tetraploid samples was 330.2 g, or approximately 50 percent more. 
However, the An ears wore not so well filled as those of the diploid. 
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and consequently the kernels were less crowded on the ear, a condition 
which probably accounted for part of their increased weight. In 
figure 5 are shown samples of the shelled grain from the lines used in 
making the weight comparisons. 



Figure 2 ^ Normal diploid (.1) and induced letruplold (ft) sister nuiire plants from the propeny of heat- 

treateiJ ears. 


BREEDING BEHAVIOR 

Wlien selfed or intercrossed, maize tetraploids produce large ears 
with largo, well-filled kernels. Partially developed or defective 
kernels are rarely formed. Pollen is shed freely, and ordinarily 
plants produce no more shriveled or abortetl pollen than the 3 to 5 
percent normally produced by diploid stocks. The fertility of the 
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tetraploids is somewhat reduced, as indicated by the presence of 
aborted ovules and an irregular spacing of the kernels on the mature 
ears. In comparison with diploid stocks the amount of reduced fer¬ 
tility varied from 5 to 20 percent in the 4n stocks thus far produced. 



Figure 3— Photomicrographs of the pollen of diploid (A) and totraploid (/?) maize, and of the lower epi¬ 
dermis of the leaves of mature diploid (C) and tetraploid (D) maize. X S5. 


In exceptional cases a higher percentage was found in individuals 
which also had some aborted pollen. This type of infertility.apparcntly 
is not due to the doubling of the chromosomes, since it occurs in 
both the diploid and tetraploid progenies of heat-treated plants. 

Tetraploid stocks breed true for tetraploidy with only slight 
deviations in chromosome number in subsequent generations. Mater- 
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nal diploids, which are to be expected at infrequent intervals in the 
progeny of tetraploids, provided parthenogenesis occurs in tetra- 
ploids as in diploids, thus far have not been observed. 

Since tetraploids have 4 sets instead of 2 sets of homologous 
chromosomes, the Mendelian ratios obtained from them are very 
different from those obtained from diploids.^ The selfed ears from 



2n and 4n plants shown in figure 6 illustrate typical diploid and tetra- 
ploid Fj segregations for the aleurone factor pair Rr. They approxi¬ 
mate the expected 3:1 and 35:1 ratios. Similar segregations for 
other seed, seedling, and mature plant characters also have been 
noted in tetraploid maize stocks, but the data are inadequate to 
determine whether or not there are significant deviations from the 
expected ratios. 

< Blaksslbs, a. F., Belling, J., and Farnham, M. E. inheritance in tetraploid daturas. Bot. 
Oae. 76:329-373. 1923. 

Muller, H. J. a new mode of seorsoation in Gregory's tetraploid primulas. Amer. Nat. 
48:508-512. 1914. 
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TETRAPLOID AND DIPLOID INTERCROSSES 

Tho intercrosses between diploid and totraploid maize exhibited a 
high degree of sterility in both direct and reciprocal crosses. The 
resulting progeny with rare exceptions were triploid hybrids. When 
the diploid was the seed parent the fertility, as measured by the pro¬ 
portion of the viable to the aborted and defective seed, was less than 
0.5 percent. When the tetraploid was the seed parent there was 
approximately 5 percent fertility. Mixtures of approximately equal 
amounts of pollen from 4'n. and 2n stocks applied to the silks of the 
4m and 2m parent plants resulted in a set of seed by the diploid almost 
exclusively from its own pollen; the tetraploid, however, set very 
little seed from its own pollen, the majority being defective kernels 
from the pollen of the diploid. The pollen of the tetraploid apparently 



Figure 6.—Diploid {A) and tetraploid ( B) kernels of maize from 2'generat ion inbred 2w and 4ii lines deri v rd 
from an Fi hybrid between inbred strains with kernels of a similar type. 


was unable to compete favorably with that of the diploid either on 
its own silks or on those of the diploid. 

The crossing behavior of tetraploid and diploid strains was very 
carefully studied under field conditions in an isolated plot, in order to 
exclude the possibility of contamination from plants other than those 
used in the experiment. In this crossing experiment special attention 
also was given to the selection of strains with combinations of genetic 
characters that would facilitate not only the determination of the 
amount of natural crossing but also the positive identification of tlie 
various possible types of progeny. Within the plot 4n and 2n plants 
were grown in alternate rows to insure abundant opportunity for 
natural cross-pollination. To verify the results obtained from the 
open-pollinated ears, controlled pollinations were made with separate 
and mixed samples of pollen from the two stocks. 

The 4/1 stock selected for the crossing studies was a green plant 
type, lacking anthocyanin color {A h pi r^) and having nonliguleless 
leaves (X^), nonycllow endosperm (y), and colorless aleurone {A Cr)\ 


» BlfEBRON, R. A. A WFTH PAIR OP FACTORS, AR, FOR AI.EURONE COLOR IN MAIZE, AND ITS RELATION TO 
THE Cc AND Rr FAIRS. N. Y. (Cornell) Agr. Expt. Sta. Mem. 16, pp. 231-289, illus. 1918. 

r-^HR GENETIC RELATIONS OF PLANT COLORS IN MAIZE. N. Y. (('omoll) Agr. Expt. Sta. Mem. 39 

liMlpp., illus. 


1921. 
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The 2n stock was also a green plant type, but it had a genetic constitu¬ 
tion (a B pi R') differing from that of "the 4n stock, so that the Fi hybrid 
would have sun-red plant color and colored anthers, phenotypically 
A B pi and readily distinguishable from both parent types. The 



Figure 6.—Selfed ears of diploid (.1) and tetraploid (if) maite plants heteroKypoiis for the factor pair Rr 
illustrating segregations that approximate the expected 3 :1 and 35:1 ratios. 

2n stock, moreover, was liguleless {Ig), with yellow endosperm (F) 
and colorless aleurone of a constitution (a CR) that would give colored 
aleurone and yellow endosperm in hybrid combinations with the 
4n stock. 
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With these combinations of genes the selfed seed on both the 2n 
and 4n plants would be colorless and tlie hybrid seed colored. Assum¬ 
ing normal fertilization, the colorless seed would produce only green 
plants. Irregularities in the fertilization process, resulting in mater¬ 
nal embryos developed parthenogenetically or from heterofertili- 
zation,® would be detectable as green plants of the parental types 
appearing among the hybrid sun-red plants from the colored seeds. 

Representative ears of the parent stocks and their hybrids are 
illustrated in figure 7. Few fully developed kernels were jjroduced 
on the cross-pollinated ears, the majority of the grains being only 
partially developed. This partial development, however, involved 
the endosperm as well as the pericarp, so that the defective hybrid 
grains could be distinguished from the nonhybrid grains on the basis 
of aleurone color. The results obtained from intercrossing the 2n 
and 4n stocks arc summarized in table 1. The hybrid seeds both 
from the direct and the reciprocal cross were roughly classified as 
well filled and aborted. Many of the well-filled grains, i. e., grains 
with fully developed endosperms, were germless or had defective 
germs and failed to produce viable seedlings. In the cross 2r^X4w 
only about 10 percent of the well-filled grains and very few of the 
aborted grains germinated. In the reciprocal 4nX27? cross nearly 
all of the well-filled grains and a large number of the aborted grains 
produced viable seedlings. All of the seedling progeny of these 
crosses were triploid with the exception of four tetraploid seedlings 
from one 2n ear. Presumably this ear had a 4/i sector wliich pro¬ 
duced 2n eggs, these in combination with normal 2n male gametes 
from the 4n pollen parent giving the exceptional tetraploids. 

Table 1. —Intercrosses between diploid (a C B~lg) and tetraploid (A C r» 6* Lg) 
strains of maize grown in an isolated plot and hand-pollinated 


Type of cross 

Ears 

pollinated 

Hybrid (colored) seeds 

Seedling; progeny (sun- 
red, nonliguleless) 

Well filled 

Aborted 

371 

in 

2«X4n_ _ 

Number 

263 

96 

Number 

427 

90 

Number 

20.180 

10.170 

Number 

68 

1 438 

Number 

4 

4«X2w.. 




> Included in this number are 2 exceptional plants which were nonliguleless but lacke<l plant color. 


All but 2 of the 500 Fi seedlings from the 2n and An intercrosses 
were phenotypically sun-red and nonliguleless, indicating that they 
were true hybrids of constitution Aa Tib-Lglg R' r*'. Chromosome 
counts made from 150 of these sun-red nonliguleless seedlings, 
selected at random from the entire group of 498, showed that all were 
triploid. The 2 exceptional seedlings were nonliguleless and lacked 
plant color in the seedling stage. At maturity the glumes and 
anthem also were green, indicating the phenotypic constitution 
A b Lg Both of these plants were SO-chromosome triploids, as 
determined by root-tip counts, and their triploid nature was verified 
by pollen and stomata examinations at maturity. The absence of 

^nature and extent of hetero-fertilization in maize. Genetica 17: 368*368, 
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the characters normally associated with the nonlinked dominant 
genes B and in these two plants is not understood. However, 
cogent cytogenetic data may be obtained from their progeny. No 



other cytogenetically detectable exceptional types, such as maternal 
monoploids or diploids, appeared in the 2n and 4n crosses. 

The crossing behavior of the 2n and 4n stocks grown together in a 
mixed isolatea planting and open-pollinated was compareo with con- 
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trolled pollination. Approximately equal amounts of pollen from the 
2n and 4n stocks were thoroughly mixed and ap^plied to both the 2n 
and 471 parent plants in the isolated plot. The results are sum¬ 
marized in table 2. Representative ears showing the set of seed 
obtained from these mixed pollinations are illustrated in figure 8. 
In this, as in the former experiment, the selfed seeds were colorless 
and the crossed seeds were colored. 


Table 2. —Iniercrosses between diploid (a C R'^ B-lg) and ietraploid (A C b-Lg) 
strains of maize grown together in an isolated plotj comparing open pollinations 
and hand pollinations with mixtures of 2n and Ipn pollen 


Type of cross 

1 

Ears 

pollinated 

('rossed seed (colored) | 

Selfed seed 
(non- 
colared) 

Well filled 

Aborted 

2nX(2n+4w)- .. . 

Number 

77 

26 

105 

HI 

Number 

5 

<«) 

79 

Number 
103 
3.324 
2;i 
K,311 

Number 
9,93H 
467 
18, 200 
8.148 

4wX(2n'f4n) . . ..... 

2n (o{)en polliiiatod)_ -__ 

4n (open pollinated)--- .. .. 


In the cross 2ri.X (27^+4//) the pollen of the diploid functioned al¬ 
most to the exclusion of the in and produced uniformly well-filled 
ears of colorless selfed seed with only an occasional colored hybrid 
grain (fig. 8, A). The cross 47?X (271+4//) produced chiefly hybrid 
grains most of which were aborted; relatively few (5 to 10 percent) 
selfed seed were formed when the cross was made with the tetraploid 
as pistillate parent (fig. 8, B). Similar results were obtained with the 
open-pollinated ears. Most of the 47/ ears showed considerable evi¬ 
dence of hybridization, the ratio of selfed to hybrid seed probably 
being dependent in large measure upon the relative amounts of 2n 
and in pollen available when the silks were exposed (fig. 8, C), 
However, the diploid ears under similar conditions showed little or 
no evidence of hybridization (fig. 8, D), The mixed open and closed 
pollinations recorded in table 2 involved 289 ears, which produced 
48,665 kernels. From the hybrid colored seed there were obtained 
214 seedlings, of which 16 were from diploid ears and tlie remainder 
from the tetraploid ears. All of these seedlings were triploid hybrids. 
The frequency with which hybrid seedling progeny resulted from the 
mixed pollinations was less than 1 percent. 

These results indicate that 2n and in strains of maize are highly 
cross-sterile. P\irthermore the triploid progeny of these crosses are 
themselves highly sterile (fig. 9), and yield mostly defective plants 
with unbalanced chromosome numbers. Thus tetraploid maize can 
be maintained under natural field conditions without hybridizing 
effectively with diploid stocks, a fact of major practical importance 
if it is found that tetraploid lines can be utilized advantageously in 
the production of hybrid seed corn. 

The high degree of incompatibility exhibited by the maize tetra- 
ploids in crosses with normal diploid stocks obviously is "to be at¬ 
tributed to quantitative rather than qualitative diflTerences—i. e., to 
chromosome number differences—since the derived in stocks obtained 
in the experiments had a genetic constitution either very similar to 
or identical with that of the parental diploid stocks. Triploid 
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FiotTRK 8.--Ears illustrating the set of seed obtained from intercrossing diploid n C R (^) end tetraploid 
A Cr (B) stocks with mixtures of pollen from the two parents: also open-pollinated tetraploid (C) and 
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hybrids were obtained with a low frequency in botli direct 2nX4n 
and reciprocal 4nX2n crosses, the latter yielding a significantly higher 
frequency. Ineffectual pollen-tube growth is excluded as a cause of 
this incompatibility, since fertilization took place and kernel develop¬ 
ment uniformly was initiated, as evidenced by the presence of aborted 



Figure 9 —Typical ears of self'pollinated triploid maize produced by intercrossing diploids and tetraplofds. 

hybrid grains. In fact, the results of the mixed and open 4n X (2n +4n) 
pollinations demonstrated that the pollen of the diploid actually 
functioned on the 4n plants almost to the complete exclusion of the 
pollen of the tetraploid. 

None of the current hypotheses advanced to account for the arrested 
seed development, or so-called ‘‘hybrid incompatibilitybetween auto- 
tetraploids and the parental diploids, when considered individually, 
offers a wholly satisfactory explanation of the situation in maize. It 
is possible that changea chromosome relationships between the 
embiyo and endosperm, or between the embryo, endosperm, and 
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seed-parent tissue; or different strengths of activating stimuli in the 
male gametes, correlated with chromosome number and influencing 
the rate of growth of the embryo and endosperm, may account for 
part but certainly not for all of the observed facts pertaining to the 
direct and reciprocal crosses and to the occurrence of spontaneous 
triploids. 

Noteworthy is the fact that the nonoccurrence of spontaneous 
tetraploids may be better understood in view of the observed inability 
of 2n pollen grains produced bv tetraploids to compete successfully 
with the n pollen normally produced by diploids. 

CHROMOSOME BEHAVIOR 

The 40 chromosomes of tetraploid maize were arranged at the 
metaphasc of the first meiotic mitosis usually in quadrivalent and 
bivalent groups exclusively (fig. 10, A). Trivalents and univalents 



Figure 10. ~Photomicrographs of (he chromosomes of tetraploid maize illustrating certain phases of the 
first meiotic or reduction division. A, Metaphase I with quadrivalent and bivalent associations; 
early anaphases with adjacent {H and U) and alternate (C) members of certain quadrivalents passing to 
the same pole; E, precocious disjunction of one cmadrivalent with adjacent members still attached: 
F, typical anaphase 1 with regular assortment of daughter chromosomes, O, anaphase 1 with a single 
lagging univalent chromosome. 

were noted very rarely, the frequency being 11 out of a total of 402 
metaphases observed. Most frequently the number of quadrivalents 
varied from 7 to 9, and the number of bivalents varied correspond¬ 
ingly from 3 to 1. Characteristic types of quadrivalent associations 
are illustrated in figure 10, Aj Z?, the arrangements being of such a 
nature that either adjacent (fig. 10, B) or alternate (fig. 10, C) 
chromosomes pass to the same pole in the anaphase. In the former 
case the adjacent chromosomes passing to the same pole frequently 
were not separated from one another until they were some distance 
from the equatorial plate region. The anaphase figures usually were 
regular, with 20 chromosomes passing to one pole and 20 to the other 
(fig. 10, JB). In 14 of 21 anaphases counted, each group contained 
20 chromosomes; in 6 cases the disjunction was 19 to 21 and in one 
case it was 18 to 22. A search was made for lagging univalent 
chromosomes in the mid and late anaphase and early telophase stages; 
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13 cases of a single lagging univalent (fig. 10, Q) and 2 cases of 2 
lagging univalents were noted among 348 such figures. In a survey 
of the first divisions in the microspore, 16 spores were found with 
20 chromosomes, 5 with 19, 2 with 18, 4 with 21, and 1 with 22 
chromosomes. 

The observations on chromosome distribution at meiosis and the 
microspore counts suggested that the tetraploids probably would 
not breed true for chromosome number. The following counts 
were made from seedling root tips of pjants selected at random from 
among the selfed progeny of individuals known to have 40 chromo¬ 


somes: 

Number of 

Chromosome number: individuals 

37 _ 1 

38 _ 3 

39 .--. _ 6 

40 _ 27 

41 _ 12 

42 _ 5 


Half of the 54 plants counted had 40 chromosomes like the parent; 
the others had numbers other than 40, ranging from 37 to 42. From 
an examination of these jilants at maturity there appeared to be no 
definite positive correlation between off-type chromosome number 
and deficient vigor. These data were obtained from first- and second- 
generation tetraploids. Whether the tendency to breed true for 
chromosome number tends to become more or less variable in subse¬ 
quent generations is not known. 

SUMMARY AND CONCLUSIONS 

Tetraploid maize (Zea mays L.) closely resembles normal diploid 
maize in height and habit of growth. But the individual organs of 
tetraploid plants are larger than those of the parental diploids; 
broader leaves, sturdier stalks, larger tassels, and ears and kernels 
of increased size characterize the tetraploids. 

An increase in cell size with no apparent diminution in chromo¬ 
some size accompanies chromosome doubling in maize, with the result 
that the pollen, epidermal cells, and stomata, as well as the cells in 
other parts of 4n plants, are proportionately larger than those of the 
diploid plants from which they were derived. 

The tetraploid strains of maize thus far produced are not as fertile 
as the original diploids, the ears ordinarily being not entirely well 
filled. Taking the set of seed as a measure of fertility, the amount of 
reduced fertility varies from 5 to 20 percent in different 4n stocks. 

Diploid maize and tetraploid maize exliibit marked incompatibility 
and are highly cross-sterile in both direct and reciprocal crosses. When 
the diploid was used as the seed parent the amount of fertility as 
measured by the proportion of viable to non viable seeds was less 
than 0.5 percent. In the reciprocal cross the amount was somewhat 
higher, ranging from 3 to 5 percent. The resulting progeny with 
rare exceptions were triploid hybrids. 

The pollen of tetraploid plants is unable to compete favorably 
with that of 2n plants, either on its own silks or on the silks of diploids, 
as indicated by the results of open and controlled pollinations in an 
isolated mixed planting of 27i and 4n stocks. 
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Tetraploid maize can be maintained under natural field conditions 
together with ordinary diploid maize without an appreciable amount 
of hybridization. 

The high degree of incompatibility exhibited by tetraploid maize 
in crosses with diploid maize is to be attributed to quantitative 
rather than to qualitative chromosomal differences, since the induced 
An stocks had the same or very similar kinds of genes as the parental 
diploids, with which they subsequently proved to be highly cross- 
sterile. 

Tetraploid stocks breed true for tetraploidy, no reversions to 
diploidy having been observed during several generations of breed- 
ing. 

Variations in chromosome number involving one or a few cliromo- 
somes more or less than the typical number 40 occur in the progeny 
of tetraploids. This variation in number apparently has little or no 
effect on the appearance of the plants. There was no definite posi¬ 
tive correlation between atypical chromosome number and deficient 
vigor or unusual habit of growth. 

In meiosis the association of the chromosomes was almost exclu¬ 
sively in quadrivalents and bivalents, with usually 7 to 9 quadri- 
valents and 3 to 1 bivalents; trivalents were rarely seen. Irregulari¬ 
ties in meiotic chromosome distribution were noted which would 
account for the observed inconstancy of number in the progeny of 
tetraploids. 
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COMPARATIVE RESISTANCE OF FIVE BREEDS OF 
CHICKENS TO THE NEMATODE ASCARIDIA LINEATA 
(SCHNEIDER)* 

By J. E. Ackjsrt, Kansas Agricultural Experiment Station parasitologist, and 
L. L. Eisbnbbandt, J. H. Wilmoth, B. Glaoiho, and 1. Pratt, graduate 
research assistants in parasitology, Kansas Agricultural Experiment Station 

INTRODUCTION 

Exjjerimental evidence of the resistance of chickens to the nematode 
Ascaridia lineata (Schneider) was obtained in 1921 by Ackert and 
Herrick (9) “ while studying the effects of this intestinal parasite on 
chickens. This finding led to studies of the factors influencing this 
resistance. Among the significant factors were found to be the 

E resence of vitamins A and B, certain dietary supplements, loss of 
lood, previous infestations, and age. The significance of vitamin A 
was reported by Ackert, Mcllvaine, and Crawford (10); that of vita¬ 
min B, by Ackert and Nolf (12); that of certain dietary supplements, 
by Ackert and Beach (4); and that of loss of blood, bv Ackert (jf) and 
by Porter and Ackert (25). Graham, Ackert, and elones (18) found 
that resistance was influenced by previous infestations of A. lineata, 
and Herrick (20) and Ackert, Porter, and Beach (IS) that age was a 
factor. All these studies were made on purebred Single-Comb White 
Leghorns. As 2-month-old cliicks of this breed were found by Ackert 
(2) to be very susceptible to A. lineata, it seemed desirable to ascertain 
whether other breeds of chickens w’cre more resistant to this nematode 
than White Leghorns, or less. 

Accordingly, experiments were begun in 1932 to compare the 
resistance of Single-Comb Wliite Leghorns to Ascaridia lineata with 
that of Single-Comb Rhode Island Reds, Barred Plymouth Rocks, 
Wliite Plymouth Rocks, Buff Orpingtons, and White Minorcas. 


MATERIALS AND METHODS 


The chickens used in these experiments were secured as day-old 
clucks from the same commercial hatchery and raised in confinement 
under conditions found by Herrick, Ackert, and Danheim (21) to be 
suitable for normal growth and development. In these experiments 
the following ration was used: Yellow com meal, 40 g; ground oats. 
17 g; alfalfa leaf meal, 4 g; meat meal, 10.4 g; powdered milk, 6.4 g; 
cracked wheat, 15 g; and cod-liver oil, 1.69 g. In order that the vita¬ 
min A potency of the cod-liver oil might be retained, a barrel of feed 
sufficient for 300 chickens was mixed each week. 

The nematode eggs for parasitizing were secured from adult live 
worms of approximately the same length. The egg cultures were 
prepared in the following manner: The end of a woim was excisedj 
and the internal organs were pressed into a sterile Petri dish; the uteri 
were isolated and transferred to another sterile dish. At various 
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points the uteri were punctured for the liberation of eggs with char¬ 
acteristic light centers, shown by Ackert (S) to be fertile. The 
portions of uteri containing fertile eggs were transferred to a final 
sterile Petri dish, and the eggs pressed out and covered with sterile 
distilled water. Four or five drops of 2-percent formalin were added 
to prevent bacterial or fungous growth. The cultures were incubated 
approximately 3 weeks at 27° to 30° C. 

When the chicks were 9 days old, they were banded, divided 
into groups, and each chick weighed. Weekly weights were taken 
thereafter until the termination of the experiment. Group A was 
parasitized at 12 days of age, group B at 19 days, group C at 30 days, 
group D at 33 days, and group E at 44 days. In parasitizing, each 
chicken of a group was given 50 ±5 embryonated eggs of Ascaridia 
lineata as Ackert, Graham, Nolf, and Porter (7) found this number 
suitable for comparative infestations of the worms. The eggs were 
counted with the aid of a compound microscope and a mechanical 
stage. The drop of water containing the correct number of eggs was 
wiped off the slide with a small piece of filter paper, which was placed 
in the chick’s esophagus with forceps. 

After 3 weeks of parasitism the chickens were killed, the intestines 
removed, and the contents flushed out quickly by the hydraulic 
method of Ackert and Nolf (11), The nematodes wore preserved in 
10-percent formalin. In measuring, the shadow of each worm 
magnified six times, was thrown on the ground glass of a photographic 
bellows and traced on onionskin paper; from these tracings direct 
measurements were made with a calibrated, milled wheel. 

The criteria adopted in making statistical comparisons of resistance 
among the different breeds of chickens to Ascaridia lineata were the 
number of worms and their length from each group of chickens under 
comparison. 

EXPERIMENTAL DATA 

GROWTH OF THE CHICKENS 

In the various experiments 1,351 chickens were used. The average 
weights taken at 9 days of age showed the Wliite Leghorns and 
WlRte Minorcas, both Mediterranean breeds, to be the heaviest, 
slightly over 62 g each. The heavier breeds and varieties averaged 
distinctly less: The Rhode Island Reds, 53.6 g; the Barred Plymouth 
Rocks, 54.6 g; the White Plymouth Rocks, 57.1 g; and the Buff 
Orpingtons, 57.7 g (fig, 1), All the chickens were kept under the 
same conditions and were given the same ration, which was kept 
constantly before them. At the close of the first week of the experi¬ 
ment, the White Plymouth Rocks averaged the heaviest and the 
Barred Plymouth Rocks the lightest, the White Minorcas taking a 
lower rank and the Rhode Island Reds and Buff Orpingtons making 
more r^id gains. In 2 weeks, when the chicks were 30 days old, the 
White Plymouth Rocks were the heaviest, the White Leghorns next, 
the Buff Orpingtons and Rhode Island Reds following them, with the 
White Minorcas and Barred Plymouth Rocks making the least rapid 
gains. DuriM the next 2 weeks the White Leghorns’ rate of gain 
decreased ana that of each of the heavier breeds or varieties, the 
White Plymouth Rocks, Buff Orpingtons, Rhode Island Reds, and 
Barred Plymouth Rocks, made better gains. The White Minorcas 
to make the slowest increase m weight (fig. 1). 
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At 51 days of age a slight break may be noticed in the growth rates 
of some of the breeds or varieties of chickens. 

This result is in accord with that of Brody {14), who found two 
characteristic growth cycles in the post-embryonic life of domestic 
chickens, one of which climaxed at about 8 weeks of age. 

After about a week, when the chickens were 58 days of age, an 
increased growth rate again appeared in all 5 breeds or varieties 
(fig. 1). At that time the White Leghorns and White Minorcas were 
definitely separated in their growth rates from the 3 other breeds or 
varieties, and 1 week later the White Leghorns had the slowest 
growth and the White Minorcas next. Of the 4 heavier breeds or 
varieties, the White Plymouth Rocks continued to lead and the Buff 
Orpingtons to trail in growth. 

At the close of the experiment (end of the seventh week), when 
the chickens were 63 days of age, the White Plymouth Rocks were 
slightly the heaviest and the Rhode Island Reds next. Third and 
fourth in weight, respectively, were the Barred Plymouth Rocks and 
Buff Orpingtons. The White Minorcas, a breed shown by Jull {22) 
to bo somewhat heavier than the White Leghorns, were making rapid 
growth (fig. 1). 

The weights of these chickens grown in confinement but with 
ample light and air are very similar to those of corresponding breeds 
raised by W^arren {33) at the Kansas State College Poultry Farm. 
Warren made weekly records of the weights of White Leghorns, 
Rhode Island Reds, and Barred Plymouth Rocks for 10 weeks, begin¬ 
ning with day-old chicks. At 6 weeks of age the weights of the 
White Leghorns and Rhode Island Reds in his and in the present 
experiments were almost identical. His Barred Plymouth Rocks, 
however, were somewhat smaller, averaging 274.2 g as compared 
with 334.6 g in the present experiments. Similar weights were re¬ 
corded by Kemps ter {23) and by Card and Kirkpatrick {15) for cor¬ 
responding breeds and varieties of chickens at 6 weeks of age. 

THE RESISTANCE OP WHITE LEGHORNS COMPARED WITH THAT OF THE OTHER 

BREEDS AND VARIETIES 

Group A, 33 Days of Age 

The experiments on resistance were conducted in five groups, A to 
E. In group A, the chickens, when 12 days of age, were parasitized 
with 50 ±5 eggs of the nematode Ascaridia lineata. After the 3-w^eek 
period of parasitism all chickens of the group were killed, the worms 
from each bird counted and measured, and the data for each breed 
or variety assembled. 

In table 1 it is seen that from the White Leghorns there was an 
average of 8.28 worms per bird and from the Rhode Island Reds an 
average of 4.89 worms, a difference of 3.39 worms which was 3.03 times 
the probable error and was therefore considered to be significant. 
In comparing the length of the worms from these two groups it was 
found that those from the Leghorns averaged 22.08 mm and the ones 
from the Reds 17.66 mm, a significant difference of 4.42 mm. The re¬ 
sults of this test indicate that the Rhode Island Reds w^ere significantly 
more resistant to Ascaridia lineata than were the White I^reghorns. 

The data in table 1 for the 36 White Plymouth Rocks indicate 
that they were more resistant than the Legnoms to tbe growth of 
the nematodes. 
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The Buff Orpingtons in this group proved to be just as susceptible 
as were the White Leghorns to Ascaridm lineata^ the differences in 
number and in length having been negligible. 

No constant differGnce was found between the number of nematodes 
from the Barred Plymouth Rocks and that from the Leghorns, but 
on comparing the length of the worms it was found that the worms 



Figure 1.—Growth curves of 5 breeds and 2 varieties of young chickens from 9 to 63 days of age. 


from the Leghorns averaged 2.80 mm longer, a significant difference 
(8.12 times the probable e^or). This comparison again showed that 
the Leghorns were less resistant to the growth of these nematodes. 

The comparison of the womis from the White Minorcas with those 
from the Leghorns was verv similar to the previous O/Omparison; no 
constant difference occurred in the number of worms, but those from 
the White Leghorns were 1.68 mm longer. This was a significant 
#ffereiice (tame 1). 
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Table J. —The resintance to nematodes of White Leghorns as compared with that of 
3 other breeds and 2 varieties of a fourth breed of chickens ^ as determined by the 
number and length of Ascaridia lineata recovered from each breed at autopsy. 


GROUP A, PARASITIZED AT 12 DAYS OF AGE AND EXAMINED AT 33 DAYS 


Bree<l 


White Leghorn.s. 

Rhoile Island Reds. 

White r^eghorns. 

Whit© Plymouth Rocks.. 

White leghorns.. 

Buff Orpingtons. 

Whit© leghorns-- 

Barred Plymouth Rocks..„ 

White T^eghorns. 

White Minorcas... 


Hosts 


Num- 

ber 

40 

35 

40 

30 

40 


Worms 

Differ¬ 

ence 

Ratio, 

D* 

E 

Mean 
length of 
worms 

Differ¬ 

ence 

Ratio, 

D 

E 

Mean 

number 



Mm 



8 28 
4.89 

} 3.39 

3.03 

/ 22.08 
\ 17.66 

1 4.42 

10.83 

8.28 

7.08 

} 1.20 

.90 

/ 22.08 

1 20.34 

j 1.74 

3.24 

8.28 

9.19 

i ■'» 

.60 

/ 22.08 

1 22.44 

} .36 

1.12 

8.28 

9.22 

} •« 

! .63 

f 22.08 

1 19.28 

} 2,80 

8.12 

8 28 
7.47 

} .81 

.72 

f 22.08 
\ 20.40 

j 1.68 

4.22 


GROUP B. PARASITIZED AT 21 DAYS OF AGE AND EXAMINED AT 40 DAYS 


White Leghorns. 

Rhode Island Reds. 

White Leghorns. 

White Plymouth Rocks. 

White tinhorns. 

Buff Orpingtons. 

White Leghorns. 

Barred Plymouth Rocks 

WIdte Leghorns. 

White Minorcas. 


White l4)ghorns. 

Rhode island Reds. 

White Leghorns. 

White Plymouth Rocks 

White Leghorns. 

Bull Orpingtons. 

White Ixighorns-. 

Barred Plymouth Rocks.. 

White I.«ghorn$.. 

White Minorcas. 


61 

51 

7.34 

3.61 

1 3 73 

4.79 

/ 18.19 

\ 14.46 

} 3.73 

8.71 

01 

55 

7.34 

2 44 

} 4.90 

7.34 

/ 18.19 

1 13.37 

} 4.82 

5.46 

61 

50 

7.34 

3 42 

} 3.92 

5.38 

r 18.19 
\ 17.38 ! 


1.66 

61 

48 

7.34 

3.71 

1 3.63 

5 07 

/ 18.19 

\ 16.78 

i >•« 

2.97 

61 

40 

7.34 

8.0U 

1 .66 
^ ! 

.72 

/ 18.19 

1 20.31 

} 2.12 

6.63 

• AT 30 

DAYS OF AGE 

AND EXAMINED AT 51 

DAYS 

49 

43 

5 73 

2 84 

} 2.89 

3. 79 

/ 23.83 

1 20.18 

} 3.05 

6.78 

49 

61 

5.73 

3 39 

} 2.34 

2 99 

/ 23.83 

1 20.46 

1 3.37 

7.61 

49 

53 

5.73 

5.25 


.49 

/ 23.83 

1 23.92 

} .09 

.21 

49 

52 

5.73 

2.71 

} 3.02 

4.14 

/ 23.83 

1 19.64 

I 4,19 

6.22 

49 

49 

5.73 

2.61 

} 3.22 

4.63 

1 23.83 

1 19.03 

1 4.80 

9.72 


GROUP D, PARASITIZED AT 33 DAYS OF AGE AND EXAMINED AT 64 DAYS 


White Leghorns. 

Rhode Island Reds. 

White Leghorns,.. 

White Plymouth Rocks .. 

White Leghorns. 

Buff Orpingtons.. 

White I^eghorns. 

Barred Plymouth Rocks_ 

White Leghorns. 

White Minorcas—.. 


L22 

1.68 

1.22 

1.15 

1.22 

1.71 

1.22 

1.27 

1,22 

1.35 


} 0.36 

1.18 

/ 20.00 

1 16.59 

} 3.41 

4.61 

} .07 

1.80 

/ 20.00 

1 16. Vi 

} 3.07 

3.71 

} .49 

1.62 

f 20.00 
{ 17.94 

1 2.06 

2.52 

} .05 

.02 

/ 20.00 

1 17.92 

} 2.08 

2.57 

} - 

.40 

/ 20.00 

1 23.74 

1 3.74 

4.37 


GROUP E, PARASITIZED AT 44 DAYS OF AGE AND EXAMINED AT 65 DAYS 


46 

36 

2.00 

1.30 

0.64 

1.73 

/ 21.45 

1 17.58 

} 

4.03 

46 

37 

2.00 

1.70 

.30 

.83 

/ 21.45 

\ 19.92 

1 1.63 

2.45 

46 

21 

2.00 

1.00 

1.00 

2.99 

/ 21.45 

1 15.88 

1 6.67 

5.57 

46 

35 

2.00 

.69 

1.31 

3.99 

f 21.46 
\ 17.42 

} 4.03 

3.91 

46 

48 

2.00 

1.19 

.81 

2.33 

f 21.45 
t 17.71 

} 3.74 

5.62 


White Leghorns.. 

Rhode Island Reds. 

White Leghorns. 

White Plymouth Hocks. 

White Leghorns. 

Buff Orpingtons. 

White l^horns. 

Barred Plymouth Rooks. 

White Leghorns. 

White Minorcas. 


I'Tbe ratio as here used is the quotient of the difference divided by its probable error. 
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In this experiment the Leghorns were significantly less resistant to 
the growth of the worms in 4 of the 5 comparisons. 

Gkoup B, 40 Days op Aob 

In the group B series of experiments the chickens were parasitized 
at 21 days of age and examined when 40 days old. 

In both number and length of worms the White Leghorns were con¬ 
stantly less resistant to the parasites than the Rhode Island Reds 
(table 1). 

On comparing Ascaridia lineata from the White Rocks with those 
from the Leghorns an average of 4.90 more was found in the Leghorns, 
a difference 7.34 times the probable error. The worms from the 
White Leghorns were also significantly longer than those from the 
White Rocks, the difference being 5.46 times the probable error. 
Here again were found constant differences in the number and in the 
length of worms, which indicated that the White Leghorns were le^s 
resistant to A, lineata than were the White Plymouth Rocks. 

From the Buff Orpingtons there was recovered an average of 3.92 
worms less than from the White Leghoms, a significant diflerence. 
There was but slight difference between the two breeds in length of 
worms. This result is similar to that obtained in the comparison of 
Buff Orpingtons and White Leghorns in group A. 

In comparing the Barred Pfymouth Rocks with the White Leg¬ 
horns the latter were found to be constantly less resistant to these 
intestinal worms (table 1). 

The average number of worms in the White Minorcas was approxi¬ 
mately the same as that in the White Leghorns, while the average 
length was greater in the Minorcas than in the Leghorns. 

Many of the evidences from this series of experiments point to the 
White Leghorns as being less resistant to A, lineata than were the other 
breeds and varieties of chickens. 


Group C, 61 Days Old 

The chickens of the third group were parasitized at the age of 30 
days. They were examined when 51 days old. 

The White Leghoms again averaged more and longer worms than 
the Rhode Island Reds. This, together with the results of the 
previous tests, points to the White Leghorns as being less resistant 
to these nematodes. 

The White Plymouth Rocks showed an average of 2.34 worms less 
than those in the White Leghorns, a difference which is probably 
significant (2.99 times the probable error). The White Plymouth 
Rocks were more resistant also to the growth of Ascaridia lineata, 
the worms from them averaging 3.37 mm less in length than those 
from the White Leghorns, a significant difference. 

As in the two previous groups, no constant differences either in the 
number or in the length of A. lineata were noted between the Buff 
Orpingtons and the White Leghoms. 

Both as to number and length of Ascaridia lineata, the White 
Leghoms were less resistant than were the Barred Plymouth Rocks. 

From the White Minorcas 3.22 fewer worms were isolated than 
from White Leghoms, a difference which was significant; the worms 
were also shorter by 4.80 mm on an average. 
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Results ia this group gave further evidence that the White Leghorn 
chickens were less resistant to A. lineata than were the other breeds 
and varieties of chickens. 

Group D, 54 Days op Age 

The chickens in group D were parasitized at 33 days of age and 
examined when 54 days old. 

Approximately the same average number of Ascaridia lineata were 
isolated from the Rhode Island Reds as from the White Leghorns. 
However, the worms from the Leghorns averaged 3.41 mm longer, a 
difference 4.61 times the probable error. 

Only slight differences in the average number of worms were found 
between the White Plymouth Rocks and the White Leghorns, but 
the worms from the leghorns averaged 3.07 mm longer than those 
from the White Plvrnouth Rocks, a significant difference. In this 
comparison, as in tnat between the length of worms from the Rhode 
Island Reds and from the White Leghorns, the evidence indicates that 
the White Leghorns were less resistant than either the Reds or the 
W'hite Rocks to the growth of Ascaridia lineata in their digestive 
tracts. 

In the fourth consecutive experiment no constant differences were 
found between the number and the length of the worms from the 
Buff Orpingtons and those from the White Leghorns. The A. 
lineata averaged somewhat longer in the Leghorns in this group, but 
the difference was not significant. 

Similar results were obtained in the comparison of the number and 
the length of the Ascaridia lineata from the Barred Plymouth Rocks 
and those from the White Leghorns. With a larger number of hosts 
it is probable that the average difference in the length of A, lineata in 
these two breeds would have been significant, as the worms averaged 
2.08 mm longer in the White leghorns, a difference 2.57 times the 
probable error. Essentially the same average number of A. lineata 
was found in the White Minorcas as in the White Leghorns. The 
Minorcas were less resistant, as the worms averaged 3.74 mm longer 
than those from the Leghorns. While there were no essential differ¬ 
ences in number of worms isolated from chickens in this group; those 
from the Leghorns had the greater average length in 4 of the 5 
comparisons. 

Group K, 65 Days op Age 

The fifth experiment was performed on chickens parasitized at 
44 days of age and examined when 65 days old. 

On counting the worms it was found that the difference between 
the number of worms isolated from the White Leghorns and from the 
Rhode Island Reds was negligible, but those from the White Leghorns 
were 3.87 mm longer on an average than those from the Rhode Island 
Reds, a significant difference. In this test the White Leghorns had 
more worms and longer ones, indicating that the Leghorns were less 
resistant to Ascaridia liTieata than were the Reds. 

Only a slight difference was found between the average number of 
worms from the I^iite Plymouth Rocks and that from the White 
Leghorns. The length of the worms was somewhat ^eater in the 
•Leghorns, and with a larger number of hosts the difference would 
probably have proved significant. 
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Slightly fewer nematodes were found in the Buff Orpingtons than 
in the Leghorns. These heavy Buff Orpingtons proved to bo much 
more resistant than the Tjeghorns to the growth of the Ascaridia 
linecda as the worms from the Buff Orpingtons averaged 5.57 mm 
shorter, a significant difference. 

The A, lineata from the Barred Plymouth Bocks reached the low 
average of 0.69 worm, an average of 1.31 worms less than that from 
the Leghorns. This proved to be a significant difference. The 
nematodes from the Leghorns also averaged 4.03 mm longer than those 
from the Barred Plymouth Rocks, a significant difference. Ilero 
again the indication is that the White Leghorns were less resistant 
than the heavy Barred Rocks. 

The number of Ascaridia lineata from the Wliite Minorcas was not 
significantly different from that from the Leghorns, although the 
Leghorns had the larger average number of worms. But the worms 
averaged 3.74 mm longer in the Wliite Ijeghorns. This difference 
being significant gives evidence in 3 of the 5 comparisons of length of 
worms that the White Leghorns were less resistant to the growth of 
these intestinal worms than were the Wliite Minorcas. 

When the average number and length of the Ascaridia lineata from 
the White Leghorns are compared with the number and length of 
those from the other breeds and varieties of chickens in the five groups 
of experiments it is found that in 39 of the 50 comparisons the White 
Leghorns had more or longer worms and that the differences were 
significant in 25 ® of the 39 times. Thus, the evidence from these 
five groups of experiments points unmistakably to the White Leghorns 
as being less resistant to these intestinal worms both in respect to 
number and size, than were any of the other breeds or varieties. 

Why these fowls should be less resistant is not certain. They 
mature somewhat earlier than do the other breeds. Likewise, the 
plumage develops more rapidly in the Leghorns. These characteris¬ 
tics should tend to increase the resistance of the White Leghorns. 
The only marked difference observable between the White Leghorns 
and the other breeds was their greater activity in the pens. It is 

E ossible that in this greater utilization of nervous energy the Wliite 
leghorns correspondingly reduce their resistance to these intestinal 
parasites. 

The fact that in two comparisons the White Minorcas were signifi¬ 
cantly more susceptible than the Leghorns indicates a possibility of 
different strains of White Minorcas. The worms from the White 
Leghorns in group C were somewhat longer than usual, and those 
from the Wliite Minorcas in group E somewhat shorter, although, of 
course, the chickens were older and tliis difference may have been 
due to age resistance. The worms from the White Minorcas in group 
D averaged 23.74 mm, which was the largest average worm length 
from any group of the Minorcas. The differences may have been due 
to different strains among the Ascaridia lineata^ but these cultures 
were made from worms oi the same length and frequently consisted 
of the eggs from one worm. As the cultures were wellmixed^, one would 
^poct to find longer average worms also in some of the other breeds 
in group D, but in all cases the average worm length was less in the 
other breeds or varieties in group D than in the White Minorcas or in 
the corresponding breeds in group C, which were younger (table 1).. 

• f hte dp«8 not include three comparisons with ratios of 2.97 or 2.99 that were probably significant. 
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The evidence therefore is indicative of the occurrence of two strains 
of White Minorcas, one more susceptible than the other.* 

COMPARATIVE RESISTANCE OF THE OTHER BREEDS AND VARIETIES TO 
ASCARIDIA LINBATA 

Consideration will next be given to the comparative resistance of 
the 3 breeds and 2 varieties other than White Leghorns as determined 
by the average number and length of Ascaridia lineata obtained from 
each. The data from the five experiments are given in table 2. As 
both the number and the length of the nematodes are considered in 
each group, there are 10 possible comparisons per group for each 
breed or variety; and in the five groups a total of 50 comparisons. 

Table 2. — The comparative resinlance to nematoden of 3 breeds and 2 varieties of a 
fourth breed of chickens as determined by the number and length of the Ascaridia 
lineata recovered from each breed at autopsy 


GROUP A, EXAMINED AT 33 DAYS 


Breed 

Hosts 

W^orms 

Differ¬ 

ence 

Ratio, 

D» 

E 

Mean 
length 
of worm.*i 

Differ¬ 

ence 

Ratio 

Rho<le Island Reds. 

Number 

35 

30 

35 

'M\ 

35 

36 

Mean 

number 

4 89 
7.08 
4.89 
9.19 
4.89 
9.22 
4.89 
7.47 
7,08 
9.19 
7.08 
9.22 
7.08 
7.47 
9.19 
9.22 
9.19 
7.47 
9.22 
7.47 



Mm 

f 17.66 

1 20.34 1 

/ 17.66 

1 22.44 

/ 17.66 

1 19 28 



Wliite Plymouth Hocks. 

\ 2 19 

2.05 

\ 2 68 

4.43 

Rhode Island Heiis... 

Buff Orpingtons. 

} 4 30 

3.28 

) j 

} 4.78 

11.25 

Rhode Island Reds. 

Barred Plymouth Rocks. 

} 4 3:i 

3.41 

} 1.62 

3.60 

Rhode Island Reds. 

White Minorcas.. 

35 
32 
30 
30 
30 

36 
30 
32 
36 
36 

} 2.58 

3.17 

/ 1L60 

11 20.40 

/ 20.34 

1 22.44 

/ 20.34 

1 19.28 

/ 20.34 

1 20.40 

f 22.44 

1 19.28 

/ 22.44 

1 20.40 

r 19.28 
\ 20.40 

} 2.74 

5.65 

White Plymouth Rocks. 



} 2.10 

3.81 

Buff Orpingtons... 

} 2.11 

1.42 

White Plymouth Hooks__ . 

t 


} 


Barred Plymouth Rocks . . 

White Plymouth Rocks. 

1 2.14 

1.48 

1 1 06 

1 88 

White Minorcas... 

Buff Orpingtons.... . 

} 

.36 

1 .06 

.10 

Barred Plymouth Rocks. 

} .03 

.02 

} 3.16 

8.66 

Buff Orpingtons..... 

36 

} 

1 


\ 2.04 


White Minorcas.. . 

! 32 

1 30 

} ^-72 

1.30 

4.92 

Barred Plymouth Rocks_ . 

;} 1.75 


] 1.12 

2.58 

White Minorcas. 

32 

1.38 


II 

i 


J 



GROUP B, EXAMINED AT 40 DAYS 


Rhode Island Reds. 

White Plymouth Rocks. 

Rhode Island Reds. 

Buff Orpingtons. 

Rhode I^nd Reds. 

Barred Plymouth Rooks. 

Rhode Island Reds. 

White Minorcas. 

White Plymouth Rocks. 

Buff Oramgtons. 

White Plymouth Rooks. 
Barred Plymouth Rocks. 
White Plymouth Rocks. 

White Minorcas. 

Buff Oipingtons. 

Barred Plymouth Rocks. 

Buff Orpingtons. 

White Minorcas. 

Barred Plymouth Rocks 
White Minorcas. 



1.17 

1.76 

/ 14.46 

1 13.37 

1 1.09 

1.20 

.19 

.28 

/ 14.46 

\ 17.38 

} 2.92 

6.24 

.10 

.15 

i 14.46 
\ 16.78 

} 2.32 

4.60 

4.39 

4.98 

f 14.46 

1 20.31 

} 6.86 

13.42 

.98 

1.75 

f 13.37 

1 17.38 

} 4.01 

4.33, 

1.27 

2.34 

/ 13.37 

\ 16.78 

} 3.41 

3.78 

6.56 

7.00 

/ 13.37 

\ 20.31 

1 6.04 

8.08 

.29 

.47 

/ 17.38 

\ 16,78 

} .60 

1.09 

4.68 

6.47 

/ 17.38 

1 20.31 ; 

1 2.93 

6.12 

4.29 

6.20 

f 16,78 
\ 20.31 

} 3.53 

8.09 


• < The White Minorca chicks all came from the same flock, but those of group D were sired by difierent 
and somewhat smaller White Minorca cocks. 
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Table 2. —The comparative resistance to nematodes of 3 breeds and 2 varieties of a 
fourth breed of chickens as determined by the number and length of the Ascarxdia 
lineata recovered from each breed at autopsy —Continued 

GROUP C, EXAMINED AT 51 DAYS 


, Breed 

Hosts 

Worms 

Differ¬ 

ence 

Ratio, 

D 

E 

Mean 
length 
of worms 

Differ- 

enoe 

Ratio 

Island H«ds ___ 

Number 

43 

Mean 

number 

2 84 

} 0.65 

0.98 

Mm. 

/ 20.18 

1 20.46 

/ 20.18 

\ 23.92 

/ 20 18 

1 19.64 

r 20 18 

\ 19 03 

f 20 46 

\ 23.92 

/ 20.46 

1 19.64 

/ 20 46 

1 19.03 

f 23.92 

} 0.28 

0.52 

White Plymouth Rocks_ 

61 

3.39 

Rhode IslGand Reds_ 

43 

2.84 

1 2.41 

2.95 

} 3.74 

7.06 

Buff OrpingtonSr. - 

53 

5.25 


43 

2.84 

2.71 

2.84 

} .13 

.27 

} ,54 

1.17 


52 

43 

Rhode Island Reds_ 


.72 

} 1.15 

1.99 

White Minorcas. -__ 

49 

2.51 

1 .33 

White Plymouth Rocks__ . 

61 

3.39 

5.25 

} l,S6 


1 3.46 

7.99 

Buff Orpingtons. 

53 

2.23 

White Plymouth Rocks__ _ . 

61 

3.39 

2.71 

3.39 

2.51 

5.25 


1.32 

1 .82 

2.37 

Barred Plymouth Rocks_ 

52 

} .68 

White Plymouth Rocks_ 

61 


1.79 

} 1.43 

2.91 

White Minorcas.. 

49 

[ .88 

Buff Orpingtons_ 

5:1 

} 2.54 

3.24 

i 4.28 

12.66 

Barred Plymouth Rocks .. 

52 

2.71 

5.25 

L 19.64 
23.92 
19.03 
19.64 
19.03 

Buff Orpingtons_ 

53 

) 2.74 

3. .*>5 

} 4.89 

10.08 

White Minorcas.__ 

49 

2.51 

Barred Plymouth Rocks_ 

52 

2.71 

2.51 

} .20 

.60 

} .61 

1.49 

White Minorcas. . _ 

49 







GROUP D, EXAMINED AT 54 DAYS 


Rhode Island Reds. 

White Plymouth Rocks.. 

Rhode Island Reds- 

Buff Orolngtons. 

Rhode Island Reds. 

Barred Plymouth Rocks.. 

Rhode Island Reds. 

White Minorcas. 

White Plymouth Hocks.. 

Buff O^ingtons- 

White lAyraouth Rocks.. 
Barred Plymouth Rocks.. 
White Plymouth Rocks.. 

White Minorcas- 

Buff Orpingtons. 

Barred Plymouth Rocks.. 

Buff Orpingtons. 

White Minorcas. 

Barred Plymouth Rocks.. 
White Minorcas. 


59 

61 

1.58 
1.16 

} 0.43 

1.38 

/ 16 69 

\ 16.93 

} 0,Si 

0. 47 

59 

52 

1.58 

1.71 

} .13 

.36 

/ 16.59 

1 17.94 

} 1.35 

1.91 

59 

51 

1.58 

1.27 

} .31 

.99 

f 16 59 
\ 17.92 

j i.:« 

1.90 

59 

26 

1.58 

1.35 

} 

.60 

r 16.59 
\ 23.74 

} 7.15 

9.52 

61 

52 

1.15 

1 71 

} 

1.80 

/ 16. VS 

1 17 94 

) 1.01 

1.26 

61 

51 

1 15 
1.27 

} 

.48 

/ 16.93 

1 17.92 

1 99 

1.25 

61 

26 

1.15 
1.35 

} .20 

.60 

f 16.93 
i 23.74 

} 6.81 

8. 12 

52 

61 

1.71 
1.27 

} ■« 

1.41 

f 17.94 

1 17 92 

j .02 

.03 

62 

26 

1.71 

1.35 

} .36 

.94 

f 17.94 

1 2 : 4 .74 

} 

7.02 

51 

26 

1.27 

1.35 

} .08 

.24 

/ 17.92 

1 23.74 

} 5,82 

7,11 


GROUP E, EXAMINED AT 65 DAYS 


Rhode Island Reds. 

36 

37 
36 
21 
36 
36 
36 

1.86 

1.70 

1 36 
1.00 
1.36 

.69 

1.36 

1.19 

1.70 
1.00 

1.70 
.69 

1.70 
1.19 
1.00 
.09 
1,00 
1.19 
.69 

1.19 






White Plymouth Rocks. 

} 0.34 

0.83 

1 19.92 

[ 2.34 

2.52 

Rhode Island Reds. 





Buff Onpingtons. 

\ .36 

.84 


} 1.70 

1.40 

Rhode Island Reds. 

Barred Plymouth Rocks.. 

} .67 

I 

1.93 

/ 17.68 

} .16 

.13 

Rhode Island Reds. 






White Minorcas. 

43 

37 

21 

37 

35 

37 

43 

} ’7 

.46 


} .13 

.14 

White Plymouth Rocks. 




1 


Buff Onpingtons.. 

} .70 

1.91 


) 4.04 

4.14 

White Plymouth Rocks. 



1 10» €M> 

/ Id €hO 

1 


Barred Plymouth Rocks.. 1 

> 1.01 

3.76 

J 1V« w 

1 17.42 

/ 19.92 

] 2.60 

2.47 

White Plymouth Rocks. 

) 


1 

1 


White Minorcas. 

} .61 

1. 76 

} .2.21 

3.67 

Buff Orpingtons.. 

21 

35 

1 

1 


1 17.71 

( IR filU 


Barred Plymouth Rocks. 

} .31 

.96 

1 10 .00 

1 17.42 

f 16.88 

1 17.71 

f 17.42 

1 17.71 

> 1.54 

1.21 

Buff Orpingtons. 

21 

43 



I 


White Minorcas. 

} .19 

.59 

] 1.83 

1.83 

BarrtMl Plymouth Rocks. 

35 

43 



1 


White Minorcas...._ . 

1 .60 

2.49 

1 .29 

.28 


J 


J 
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In reading across table 2, it will be seen that when the Rhode 
Island Reds are compared with the White Plymouth Rocks, the 
former have fewer or shorter worms in 7 of the 10 comparisons. Of 
these 7, only 1 is significant, indicating that no marked difference in 
the resistance occurred between these two breeds at the different ages. 

By comparing the Rhode Island Reds successively through the 
various groups with the White Plymouth Rocks, Buff Orpingtons, 
Barred Hymouth Rocks, White Minorcas, and finally with the White 
Leghorns (table 1), it may be seen that in 34 of the 50 comparisons, 
the Rhode Island Reds had fewer or shorter Ascaridia lineata than 
did the other breeds with which they were compared. Of these 34 
cases, 21 were significant (table 3). 

In comparing the average number and length of the Ascaridia 
lineata from the White Plymouth Rocks with those from the Buff 
Orpingtons (table 2), it is seen that in eight instances fewer or shorter 
Ascaridia lineata were found in the Wlute Plymouth Rocks. Three 
of these cases represented significant differences. By making similar 
comparisons of the White Plymouth Rocks with the Barred Plymouth 
Rocks, White Minorcas, Rhode Island Reds, and with the White 
Leghorns (table 1) it was found that in 32 of 50 comparisons the 
Wliite Rocks had fewer or shorter worms. Twelve of these differ¬ 
ences were significant, as compared with 21 for the Rhode Island 
Reds (table 3). 

Table 3. —Summary of breed resistance to Ascaridia lineata, in analysis of data 

from tables 1 and S 


Fifty comparisons of the number or 
length of A. lineata for each breed 


Breed 

Hosts 

i 

Total eases 
of fewer or 
shorter^, 
ttneata than 
in the other 
breeds or 
varieties 

Cases of 
signifi¬ 
cantly 
fewer or 
shorter 

A, lineata 

Rhode Island Reds... 

Number 
\ 224 

2fi0 
222 
190 
212 
253 

Number 

34 

32 

32 

22 

19 

n 

Number 

21 

12 

13 

8 

6 

2 

WWte Plymouth Rocks.-. 

Barred Plymouth Rocks. 

White M inorcas.-. at.. 

Bull Orpingtons.-.-. 

White Ix^hcvns. 



It was interesting to note that when the average number and 
length of Ascaridia lineaJta from the Barred Plymouth Rocks were 
compared with these data for the other breeds, there was exactly 
the same number of cases, 32, as for the White Plymouth Rocks, in 
which the number of the worms was smaller or their length shorter 
than in the other breeds. The number of significant cases, 13, was ap¬ 
proximately the same as that for the White Plymouth Rocks (table 3). 

Fourth in the list of most resistant breeds were the White Minorcas. 
When the Ascaridia lineata from them were compared with those 
from the other breeds and varieties, it was found that in 22 of the 50 
comparisons, the White Minorcas averaged fewer or smaller nema- 
•todes. Of thu number 8 caeee were considered significant (table 3). 
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A further examination of tables 1 and 2 shows that the Buff Orp¬ 
ingtons, while being perhaps the heaviest breed studied, were far 
from being the most resistant to the parasites. Of 50 comparisons 
with other breeds, only 19 showed fewer or smaller parasites, and of this 
number only 6 were significant. It was thought tliat the Buff Orp¬ 
ingtons in group C may have been chilled and that therefore their 
resistance might have been affected, but another test (group A, table 2) 
showed that the Buff Orpingtons were quite susceptible to Ascaridia 
lineaia both as to number and length of worms. 

The standing of the Wnite Leghorns in the list has been discussed 
in a previous section. In table 1 it is seen that comparatively large 
numbers of rather long worms from the White Leghorns occur through¬ 
out; and table 3 shows that in only 11 of 50 comparisons were the 
worms from the Wliite Leghorns fewer or shorter than those from the 
other breeds; furthermore, in only 2 of these cases were the differences 
significant. 

From these tests on 1,351 chickens, each of which was fed 50 ±5 
embryonated eggs of the nematode Ascaridia lineata, the authors 
conclude that the Wliite Leghorns were the least resistant and that 
the Rhode Island Reds were the most resistant to the worms, the 
others in order of their degree of resistance being the Wliite Plymouth 
Rocks and Barred Plymouth Rocks about equally resistant, the 
White Minorcas, and the Buff Orpingtons. No explanation of these 
diflFerences is available other than the possibility of the Leg^horns^ 
greater utilization of nervous energy resulting in reduced resistance 
to the worms; or that the White Leghorns being the oldest of these 
breeds or varieties may have been the normal or more tolerant host 
of tliis worm and hence less resistant to it. 

AGE RESISTANCE 

By arranging according to age the different groups of each breed 
or variety of chickens and giving the corresponding average numbers 
and lengths of Ascaridia hneata^ comparisons are readily made for 
evidence of age resistance of the chickens to the parasites. It will 
be noted (table 4) that the breeds in group A, the youngest birds, 
were examined at 33 days of age and those of group E, the oldest, 
at 65 days. On examimng the average numbers of worms from the 
^lite Leghorns it is seen that there was a fairly gradual reduction 
in numbers of worms from group to group, indicating the develop¬ 
ment of age resistance as the birds grew older. More or less similar 
results on numbers of worms occuitot for the other breeds or varieties 
as shown in table 4. Some of these differences are significant. 
Others, doubtless, would have been with larger numbers oi hosts. 

The average length of worms of the White leghorns in group A 
was 22.08 mm and that of those in group B, 18.19 mm, a difference 
of 3.89 mm, which was significant (table 4). Similar comparisons 
between the Rhode Island Reds, Buff Orpingtons, White Plymouth 
Rocks, and Barred Plymouth Rocks in groups A and B are signifi¬ 
cant. While there are irregularities in the rates of growth, and longer 
worms in the older groups occur, the evidence points to the develop¬ 
ment of an age resistance to the growth of these worms. In the Buff 
^Orpingtons the average length of worms decreased 6.56 mm in 1 month, 
the wpnns averaging 22.44 mm from chickens 33 days old and 15,88 
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mm from birds 65 days old. In all cases the worms from the chick¬ 
ens 65 days of age are shorter than those from chickens 33 days old 
(table 4). 


Table 4. —Development of age resistance to Ascaridia lineata in certain breeds and 

varieties of chickens 


Breed and group 

Age 

when 

exam¬ 

ined 

Average 
of .4, 
lineato. 

Average 

length 

of^. 

lineata 

Breed and group 

Age 

when 

exam¬ 

ined 


Average 

length 

of^. 

lineata 

White Leghorns. 

Days 

Number 

Mm 

White Plymouth Rocks: 

Days 

Number 

Mm 

A 

33 

8.28 


A 


7.08 

20.34 

13.37 

B__ 

40 


18.19 

B. 


2.44 

C .- . . 

61 

6.73 

23.8:i 

C. 

61 

3.39 

20.46 

I>. 

54 

1.22 


D. 

54 

1.16 

16.93 

K. 

65 


21.45 

E. 

66 

1.70 

19.02 

Rhode Island Reds* 

A. 

33 

4.89 

17.66 

Barred Plymouth Rocks: 


9.22 

19.28 

B... 

40 

3 61 

14.46 

B.._.-. 


3.71 

16.78 

C ... 

61 

2.84 

20.18 

C. 

61 

2.71 

19.64 

1).. 

64 

1 68 

16.69 

n... 

54 

1.27 

17,92 

E.. 

66 

1.36 

17.58 

E...... 

06 

.60 

17.42 

BufY Orpingtons' 

33 

9.19 

22.44 

White Minorcas: 

A. 

33 

7.47 

20.40 

B.. 

40 

3. 42 

19 38 

B. 

40 

8.00 

20.31 

C ... 

61 

6. 26 

23.92 

0. 

51 

2.51 

19 (K1 

1)__ 

64 

1. 71 

17.94 

D. 

54 

1.35 

23.74 

E. 

66 

1.00 

16.88 

E.. 

65 

1.19 

17.71 




Attention should be called to the average length of the Ascaridia 
lineata from the various breeds in group C. Although these chickens 
are 11 and 18 days older than those in groups B and A respectively, 
the worms average slightly longer in each case, except in the White 
Minorcas. Whether this resulted from a more vigorous strain of A, 
lineata or from more susceptible groups of chickens is uncertain. In 
number of worms, the chickens in group C are relatively high. Thus 
the Leghorns in group C averaged 5.73 worms, and those in group D, 
only 3 days older, 1.22 worms. Similarly, the Buff Orpingtons in 
group C average 5.25 worms, and those in group D 1.71 worms. A 
similar compirison may be made for the White Plymouth Kocks. 
A plausible explanation is that in the group-C series of experiments 
a more vigoi’ous strain of A, lineata was utilized (table 4). 

DISCUSSION 

Experimental evidence is available for showing marked differences 
in the resistance of different species of animals to the same parasite. 
The Brahman cattle (Bos indicus)^ as is well known, are able com¬ 
pletely to escape parasitism with the cattle tick organism, Babesia 
oigeminaf which is very pathogenic to domestic cattle (Bos Taurus), 
Swine are not susceptifale to the human ascarid, which is morphologi¬ 
cally indistinguishable from that of the pig (25), Ackert and Grant 
(8) found that the dog tapeworm Taenia visiformis would grow in 
kittens but that the specimens were markedly reduced in size in the 
feline hosts; and Scott (30) infected cats with Anclyostoma caninum 
larvae from a dog infestation of this hookworm and found that the 
worms grew slower and reached a smaller final size in the cats than 
did similar worms in the dogs. 

The present studies, however, including a preliminary report by 
*Ackert, Eisenbrandt, Glading, and Wilmoth (6), appear to be the 
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first to give evidence of different degrees of host resistance between 
breeds of the same species to helminthic infection. 

Breed resistance to bacteria was demonstrated by Lambert 
who infected four breeds of chickens with Salmonella gaUinarum^ pro¬ 
ducing fowl typhoid. After giving all the same-sized dose, he com¬ 
pared the number of deaths. The lowest mortality occured in the 
White Plymouth Rocks; next in order were the White Leghorns, 
White Wyandottes, and the Rhode Island Reds. The only similarity 
of Lambert’s results to those from the present experinients was that 
the White Plymouth Rocks ranked high among the resistant fowls in 
each case. In his work the White Leghorns had the second smallest 
number of deaths, whereas in the present experiments the White Leg¬ 
horns were the least resistant to Ascaridia lineata. His results, how¬ 
ever, were based on percentages of deaths, and these on the degree of 
resistance to parasites. 

Other data on the comparative mortality of breeds of chickens are 
available in the work of Harris and Bough ton (/.9), who concluded 
that the White Wyandottes had a significantly higher death rate 
during the first laying year than Rhode Island Reds or White Leg¬ 
horns. These authors inferred that the death rate was somewhat 
higher in Rhode Island Reds than in White Leghorns. 

Dudley {17), after a careful study of available data, including that 
of Harris and Boughton, concluded that there were no essential differ¬ 
ences in the death rates of these breeds. 


Similar results were obtained by Weaver {S4)y who studied the com¬ 
parative mortality (due to various causes including parasitism) of 
White Leghorns and Barred Plymouth Rocks and found no constant 
differences between the breeds. 


Judging from these results, there appear to be no marked differences 
in mortality in breeds of chickens and little if any relationship be¬ 
tween death rates and the degree of resistance of breeds or varieties of 
chickens to parasitism. In this connection it is interesting to note that 
while the White Leghorns were the least resistant to the parasites, their 
death rate in the pens was markedly lower than that of any other 
breed. 


The analysis of the data on the resistance of the White Minorcas 
to the growth of the Ascaridia lineata pointed to the possibility of 
two strains of White Minorcas, The White Minorcas in groups C 
and E (table 1) were more resistant than the White Leghorns, but 
the Minorcas in groups B and D were more susceptible. The Minorcas 
in groups C and E were secured in 1932-33, whereas those in groups 
B and D were secured in 1933-34. In both years the chickens came 
from the same flock; but a change was made in cockerels in the 
second-year flock. When the growth rates of the White Minorcas 
in the 2 years were compared, it was found that the White Minorcas 
used the first year were decidedly heavier than those used the second 
year, indicating two strains of this breed. They, at least, were of 
different genetical constitution. Strains of chickens varying in resis¬ 
tance to disease have been found by Roberts {Z8), who secured a 
41 percent survival of chickens (infected with Bacterium 'puttorum) 
from selected stock as compared with a 29 percent survival from 
random chicks. Lambert { 24 ) found slight dmerences in the degrees 
of resistance of two strains of White Leghorns to Salmonella gallinarum 
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In regard to evidence of age resistance of chickens to Ascaridia 
lineata (table 4) it was found that the worms from the group C 
chickens were much longer than those from the group B chickens, 
which were younger. Tliis finding is evidence of a more vigorous 
strain of A, lineata in the group C fowls. Different strains of hel¬ 
minths were detected by Scott (51), who found dog hookworms 
{Ancylostoma caninum) that were obtained from a cat infestation to 
be exceptionally adapted to the cat but almost wholly unable to live 
in puppies. Scott likewise obtained a dog strain of this parasite 
that was very viable in puppies but not in kittens. 

Explanations of the difference in resistance among the breeds, 
varieties and strains of chickens to Ascaridia lineaia are not readily 
available. For a general review of animal resistance to helminths 
the reader is referred to Chandler (16). A recent review in which 
immunity to protozoan parasites is stressed has been given bv Tal¬ 
iaferro (55). Concerning size as a factor, the heavier breeds and 
varieties: Rhode Island Reds, White Plymouth Rocks, and Barred 
Plymouth Rocks, were more resistant to the A. lineata than the lighter 
Leghorns and White Minorcas; but the heavy Buff Orpingtons proved 
to be slightly more susceptible than the White Minorcas. Further 
evidence of heavier birds being more resistant is afforded by the 1932- 
33 White Minorcas, which were both heavier and more resistant than 
were the lighter 1933--34 Minorcas. In general behavior the heavy 
breeds were comparatively inactive, while the lighter, more suscep¬ 
tible Leghorns and Minorcas were markedly more active and nervous. 
It is conceivable that tliis greater utilization of energy might be un¬ 
favorable to the development of inhibiting factors. 

A possible explanation of the results might be that the chickens 
tested represented susceptible and resistant strains within the breeds 
and varieties; but the chickens compared came from more than one 
flock in all cases except those of the White Minorcas and the VlTiite 
Plymouth Rocks. So, it would appear that these tests were made 
upon a fair section of fowl population. 

It is possible that the theory of the abnormal host postulated by 
Ransom (57) and elaborated by Sandground (29) is applicable. On 
this basis the Wliite Leghorns, which are the most susceptible to the 
Ascaridia lineata^ would be considered the normal hosts and the 
heavy breeds, abnormal or more resistant hosts. The fact that the 
rather susceptible White Minorcas are a Mediterranean breed and 
therefore closely related to the White Leghorns lends support to this 
hypothesis. Furthermore, Ackert and Eisenbrandt (5) found White 
Leghorn chickens to be more susceptible to A. lineaia than were 
Bronze turkeys, wliich likewise might be considered abnormal hosts, 
especially since they were parasitized with worm eggs from a chicken 
infestation. But even this does not indicate how the resistance 
works. As previous studies by Ackert (1) and by Porter and Ackert 
(26) have shown that blood loss reduces the resistance of chickens 
to A. lineata^ the writers favor the view that resistance is an inhib¬ 
iting complex wliich so operates as to retard the growth and devel¬ 
opment of these intestinal worms. Wliether the innibitors are in the 
nature of macrophages which may attack the worms when they are 
in close proximity to the intestinal epithelium, whether the worm 
devours a host substance that checks its growth, or whether the 
resistance is due to other factors, is uncertain. 

141216*~35-1 
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SUMMARY AND CONCLUSIONS 

Evidence is presented for the first time on different degrees of resist¬ 
ance among breeds and varieties of one species to the same helminth. 
The data supporting the conclusions were derived from experiments 
on 1,351 chickens of 4 breeds and 2 varieties of a fifth breed given 
the same numbers of eggs from the nematode Ascaridia lineata 
(Schneider). The criteria for judging the resistance were the aver¬ 
age number and length of the Ascaridia lineata from each group of 
chickens under comparison. ' 

Most resistant to the parasites were the heavy breeds and varieties: 
Rhode Island Reds, White Plymouth Rocks, and Barred Plymouth 
Rocks; the most susceptible were the White Ijeghorns, Buff Orping¬ 
tons, and White Minorcas. A strain of heavy White Minorcas 
proved to be more resistant to the Ascaridia lineata than a lighter 
strain of the same breed with different genetic constitution. Factors 
in the differences in resistance appear to include greater utilization 
of nervous energy by the most susceptible breed, possible differences 
in strains within a breed, and the normality or tolerance of the host 
breeds. 
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INHERITANCE OF COLD RESISTANCE IN WINTER 
WHEAT, WITH PRELIMINARY STUDIES ON THE TECH¬ 
NIC OP ARTIFICIAL FREEZING TESTS* 

By W. W. WOBZBLLA * 

AsuistarU in agronomy, Purdue University Agricultural Experiment Station 

INTRODUCTION 

When this study of the inheritance of cold resistance in winter 
wheat was initiated in 1929, it was discovered that few data were 
available to slww the exact procedure which might be followed in 
conducting artificial freezing tests. While a number of studies had 
been reported, there were some phases of the technic which had not 
been fully investigated, and others about which there was much dis¬ 
agreement. Consequently a series of experiments were set up in 
order to develop methods that would be suitable for the problem at 
hand. Tl»e first part of this paper deals with these experiments in 
technic, and the second part with the inheritance of cold resistance 
in wijiter wheat. 

REVIEW OF LITERATURE 

The effect of low temperature on plant tissue has been the subject 
of study for many years. The work of previous investigators has 
been thoroughly reviewed by many authors, including Harvey (d),® 
Newton {11), Akerman {2), Martin (S), Salmon {18)\ consequently, 
only a few of the more-pertinent papers will be taken up here. 

Hill and Salmon {S) and Salmon {18) obtained high correlations 
between the results of artificial freezing of varieties of wheat and the 
field survival as determined in the uniform winter hardiness nurseries. 

Akerman {2, 3), Maximov {10), and Quisenberry {15) found that 
results obtained by direct freezing methods agreed very well with 
those obtained in field trials. 

Martin {9) concluded that “freezing under controUed temperatures 
offers the greatest promise in measuring the hardiness of wheat plants 
by laboratory methods.” 

Of recent contributions on the inheritance of winter hardiness, the 
following are of special interest. 

Nilsson-Ehle {12) and Akerman {!) crossed two varieties of inter¬ 
mediate hardiness. They obtained some lines that were less hardy 
and others that were more hardy than the parents, and concluded 
that winter resistance is a quantitative character, controlled by 
several Mendelian factors. 
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Gaines, according to Schafer {19), reported that winter hardiness 
reacted as a recessive, since a majority of the Fa rows showed severe 
winter injury. 

Hayes and Aarnodt (7), Ouisenberry and Clark {16), and Quisen- 
berry {15), working with aifferent wheat crosses, concluded that 
winter hardiness is a heritable character and is probably controlled 
by many genetic factors. 

MATERIALS AND METHODS 

In all tests dealing with technic, three varieties of wheat having a 
wide range in winter hardiness were used. These varieties were, in 
order of ascending hardiness, Poole, Michikof, and Minhardi. 

For inheritance studies of cold resistance, crosses between pure 
lines of Poole and Minhardi were made in 1930. The plants in the 
F 2 generation were subjected to artihcial freezing tests during the 
winter of 1932-33, and those of the F 3 generation during 1933-34. 
Because of the unreliability of survival reading when based on single 
plants, the cold resistance of the individual Fj plants could not be 
used as a basis on wliich to make a satisfactory estimate. Conse¬ 
quently 75 seedlings, grown from the seed of each plant, were sub¬ 
jected to the standard freezing test, and the average estimated sur¬ 
vival of the seedlings was used as a basis for determining the cold 
resistance of each F; plant, taken at random. Several F; plants that 
showed wide differences in respect to relative cold resistance, were 
further tested in the F 3 generation. Each test included the seedlings 
from 10 F 2 or F 3 plants as well as Poole and Minhardi. 

All residts herein reported were obtained from wheat seedlings 
grown, hardened, frozen, and thawed in the greenhouse. The freez¬ 
ing was accomplished in a cold chamber by means of the F 12 (di- 
chlorodifluoro-methane), direct-expansion refrigeration machine shown 
in figure 1 . The chamber is a well-insulated compartment with in¬ 
side dimensions of 10 by 4 by 3 feet. The temperature was regu¬ 
lated within a range of ± 1 ° F. by a thermometer controller. By 
means of a recording thennometer the exact temperatures during the 
course of each test were recorded. 

Four-inch clay pots were filled with Crosby silt loam soil, and in 
each pot 7 seeds were placed to insure a uniform stand of 5 plants 
per pot. Only wheat seedlings that wore grown in the greenhouse 
during December, January, February, and March were used. The 
temperature in the greenhouse was maintained at about 60° F., until 
the seedlings were about 5 weeks old. Eight hours before exposure 
to the freezing chamber, the soil was saturated with water. At 5 
p. m., 180 pots containing the seedlings were placed in the chamber 
and hardened at 4-34° for a period of 15 hours. Artificial light from 
two 200-watt bulbs was used during hardening. At 8 a. m., the next 
morning, the lights in the chamber were turned qutj and the ther¬ 
mometer controller set at 4 - 22 ° for freezing. Within a half hour 
the temperature in the chamber was 22 ° and remained until 4 p. m. 

Immediately after freezing, the seedlings were transferred to the 
greenhouse, held at a temperature of about 60° F., and kept well 
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watered in an attempt to revive them. Seven days after freezing 
records were taken of the average estimated percentage of survivaL 
The method reported by Quisenberry {15) was used in estimating the 
average survival. This method takes into account not only the num¬ 
ber of living and dead plants, but also the degree of injury to surviving 
plants. 

EXPERIMENTS IN TECHNIC 

The experiments dealing mth technic were conducted over a period 
of three winters, during wliich time more than 85,000 seedlings were 
frozen. The following steps in procedure were studied: (1) Freezing 
temperatures, (2) hardening conditions, (3) age of wheat seedlings 
at freezing, (4) moisture content of the soil, and (5) treatment of 
plants after exposure to freezing. A large number of preliminary 



FKiTKK 1.- ('hamber and compressor used for controlled freezing tests. 


experiments were conducted in which various temperatures and 
duration of exposures were tested in order to obtain information for 
carrying out the further tests which formed the basis for establishing 
a standard freezing test. Only the data from these later experiments 
are reported. 

FREEZING TEMPERATURES 

From preliminary trials, it was found that the temperature range 
in which different degrees of injury would result was rather narrow. 
After this range had feen determined a mimber of tests were conducted 
to ascertain the freezing temperatures which would exnress the greatest 
^fferential injury between the varieties studied. The data obtained 
with the three varieties of wheat are shown in table 1, 
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Table 1. —Influence of freezing temperature on the estimated survival of wheat 

plants of 3 varieties ^ 


Plants (number) 

Freezing conditions 

Average estimated survival > 

Tempera¬ 

ture 

Period 

Poole 

Michikof 

Mlnhardi 

900.-. 

op 

18 

20 

22 

26 

18 

Hours 

8 

8 

8 

; 4 

4 

Percfnt 

8.1 

6.1 

21.9 

} 27.5 

PtrcerU 

12.8 

18.3 

35.3 

39.0 

Percent 

22.2 

28.9 

54.4 

53.7 

900.... 

2,700. 

900. 



1 Artificial lights were used during hardening, which consisted in exposure to a temperature of 34*^ F. for 
16 hours. 

^ The odds are 10 :1 for the following differences: 2.05 when comparing 2 means of 900 plants; 2.62 when 
comparing a mean of 000 with a mean of 1,800; 2 41 when comparing a mean of 000 with a mean of 2,700; 
2.27 when comparing 2 means of 1.800; 2 01 when compving a mean of 1,800 with a mean of 2,700: and 1.71 
when comparing 2 means of 2.700. 

It will be noted that as the freezing temperatures were increased to 
22° F., the estimated average survival also increased. Plants frozen 
gradually, that is, the first 4 hours at 26° and the second 4 hours at 
18°, showed about the same survival as those frozen at 22° for 8 
hours. As a result of these tests, a freezing temperature of 22° for a 
period of 8 hours was adopted as the standard. 

HARDENING CONDITIONS 

To determine a suitable hardening treatment by which the greatest 
differential injury could be obtained, wheat plants were subjected to 
various hardening conditions, as shown in table 2. 

An inspection of table 2 shows that wheat plants wliich were not 
hardened before being subjected to a freezing treatment of 22° F. for 
8 hours showed a much lower survival than those previously hardened 
at various temperatures for 15 to 39 hours and subjected to the same 
freezing treatment. Plants hardened at 34° for 15 hours showed tlie 
greatest difference in estimated survival between the three varieties 
representing nonhardy, mid-hardy, and hardy types. Under the 
conditions of these experiments, it appears that plants hardened for a 
longer period than 15 hours at a temperature of 34° or higher show a 
liigher estimated survival; however, the differences between non¬ 
hardy and hardv varieties are smaller. Therefore a 15-hour exposure 
at 34° was used as a hardening period. It may be that this period 
will not prove best under all conditions; for these conditions, however, 
it serves as a basis for standardizing a suitable teclmic by wliich rela¬ 
tive cold resistance of wheat seedlings may be determined. 


Table 2. —Influence of length of exposure at various temperatures in the hardening 
chamber on the estimated survival of wheat plants of 3 varieties to artificial 
freezing at 33° F, for 8 hours 


Plants (number) 

Hardening conditions 1 

1 A verage astimated survi val < 

Tempera¬ 

ture 

Period 

Poole 

Michikof i 

Mlnhardi 

900. 

®F. 

(») 

34 

r 40 

1 34 

34 

36 

Hours 

(») 

16 

15 

24 

39 

39 

Percent 

12.7 

21.9 

} 40.6 

30.2 
32.5 

Percent i 
26.5 

35.3 

53.3 

38.8 

42.3 

Percent 

28.1 

54.4 

60.6 

49.6 

51.0 

2,700. 

1300-. 

1,800-. 

1 m .. 


> Artificial lights ware used during hardening. 

tSee Umaote 2 to table l for difference necessary for .significance. 

t No harddolBg; tontroi. 
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AGE OF WHEAT SEEDUNGS AT FREEZING 

To determine the age at which wheat seedlings could be most 
satisfactoriljr subjected to comparative cold resistance tests, seedlings 
of three varieties of wheat ranging in age from 14 to 46 d^s were 
grown in the greenhouse and subjected to freezing tests. TTie esti¬ 
mated average survival of the seedlings is shown in table 3. 


Table 3. —Influence of age on the cold resistance of groups of 900 wheat seedlings 
of different a^es and of S varieties ^ 


Age of seeiliiif^s 
(days) 

Average estimated survival» 

Age of seeilings 
(days) 

Average estimated survival > 

Poole 

Mlchikof 

Mlnhardl 

Poole 

Michikof 

Minhardi 

14. 

Percent 

0 0 
10 3 
11.4 

Percent 
1.0 
13 6 
22.4 

Percent 

3 1 
20 8 
32 4 

32. . _ 

39 _ 

Percent 

23.0 

2;i.o 

21.0 

Percent 

32.5 

34.6 
33.5 

Percent 

47.7 
46.3 

50.7 

21. 

24. 

43. 


> All plants were hardened at 34° F. for 15 hours and frozen at 22° for 8 hours. Artificial lights were 
used during hardening 

* See footnote 2 to table 1 for difTerence netjessary for significance. 


The data show that seedlings up to the age of 32 days were quite 
ausce])tible to cold. After that period, however, there did not appear 
to be any difference in cold susceptibility up to 46 days. In making 
comparative tests for cold resistance, therefore, wheat plants were 
grown in the greenhouse for about 5 weeks prior to the standard 
freezing test. 

MOISTURE CONTENT OF THE SOIL 

There is much disagreement among investigators as to whether 
plants show a greater injury in dry or wet soil following natural or 
artificial freezing. 

Salmon (77) reports a lower survival of barley and oats in dry 
soil than in medium wet or wet soil during the first season; however, 
directly contrary results were obtained the second season. Later, 
Salmon (18) found in some tests a greater injury in dry soil than 
in wet; however, in other tests, where the various lots were frozen 
slowly, no differences in injury were observed. Sellschop and 
Salmon {20) state that “cowpeas, peanuts, mmze, and velvet beans 
were far more severely injured in wet than in dry soil.” Peltier 
and Tysdal (14) and Tysdal (21) concluded that plants in dry soil 
were injured more than those in wet soil. 

In experhnents conducted by the writer, wheat plants were grown 
in 4-inch pots, containing Crosby silt loam soil, until 5 weeks of 
age. Just prior to the freezing test the soil in all of the pots was 
allowed to dry for about 2 days until it contained 12.4 percent 
moisture. Eight hours before exposure to the freezing-chamber 
tests, one-half of the pots wore saturated with water and con¬ 
tained 23.5 percent moisture, while the other remaiued dry. 
Both lots were then placed in the chamber and subjected to the 
standard freezing test. The average estimated survival of the 
three varieties from four tests is shown in table 4. 
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Table 4. —Effect of moisture content of soil on the estimated survival of groups 
of 900 plants of 3 varieties of winter wheat by freezing 


Variety 

Average estimated sur¬ 
vival in 

Dry soil 

Wet soil 

_ . .. 

Percent 

:io.6 

53.6 

66.0 

Percent 
23.0 
37.4 
AH. 6 

Michikof.- . - ^ 

Minhardi ... 


1 See footnote 2 to table 1 for dilTerence necessary for significance. 


The data show that, under the conditions of these experiments, 
winter wheat plants revealed a greater estimated survival in dry 
than in wet soil. Soil temperatures taken during the course of a 
freezing test indicated that the temperatme fell more rapidly in 
dry sou than in wet. Since variations in moisture content of the 
soil produce marked differences in survival, in all comparative 
hardiness tests all lots were througldy watered 8 hours before a 
test. Natural drainage left the soil in the different pots at approxi¬ 
mately the same moisture content. 

TREATMENT OP PLANTS AFTER EXPOSURE TO FREEZING 

Anderson and Kiesselbach (4), Akerman (2), and Peltier and 
Tysdal (IS, 14) found that slow thawing increased the percentage 
of survival in plants; Carrick (5) and Weimer (^2) found that slow 
thawing did not increase the percentage of survival. 

To determine the influence of slow and rapid thawing on injury 
to plants, experiments were conducted in wliich one-half of the 
pots, after a regular freezing test, were taken immediately from the 
chamber to the greenhouse maintained at 60° F., while the other 
half of the pots were left in the chamber at 34° for 15 hours before 
they were placed in the greenhouse. The results obtained are 
shown in table 5. 


Table 5. —Influence of the rale of thawing on the estimated sundval of groups of 
900 wheat plants of 3 varieties • 


Variety 

Average estimated siu*- 
vival 2 

Slow 

thawing 

Rapid 

thawing 


Percent 

8.0 

25.4 

1 44.5 

Percewl 

8.4 

26.4 

47.3 

Michikof.-.. . 

Minhardi.. . 



hoi^^ not comparable with those in other tables since plants were grown in shaded portion of greeii- 
* See footnote 2 to table l for dilTerence necessary for significance. 













Table 6 . —Estimated survival of parents^ and Fi, Fa, and F 3 generations of Poole and Minhardi crossy as determined by controlled freezing 

tests during 19S2~3S and 1933-34 
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The data in these tests show no sigmficant differences in the esti* 
mated survival between slow and rapid thawing of wheat plants. 
Consequently, in all regular tests, the plants were removed directly 
from the chamber to the greenhouse, 

INHERITANCE OF COLD RESISTANCE IN WINTER WHEAT 

In studying the inheritance of cold resistance in soft winter wheat, 
Fi, F 2 , and Fs generations, together with their parents, were grown in 
the greenhouse and subjected to artificially controlled freezing tests 
during the winters of 1932-33 and 1933-34. In this period over 40,600 
seedlings were frozen and the cold resistance of each determined. 
The data obtained are arranged in frequency distributions and shown 
in table 6. 

The results show that the nonhardy parent, Poole, had an estimated 
survival of 24.1 and 23.3 percent, while the hardy parent, Minhardi, 
had an estimated percentage survival of 53 and 51.5 for 1932-33 and 
1933-34, respectively. Since the coefficients of variability for the 
parents are small, one might conclude that both parents, though 
widely different, are quite homozygous for cold resistance. The aver¬ 
age estimated survival of 34 Fi plants tested was 36.5 percent. The 
estimated survival of the F 2 plants varied from 7.5 to 52.5 percent 
with an average survival of 34.6 percent; that is, the F^ plants were 
about intermediate to the parents in cold resistance. Some lines 
appeared more susceptible than Poole wliile others seemed as resistant 
as Minhardi; but the majority fell into the intermediate classes. 


Table 7. —Mean of the estimated survival of several lines in comparison with the 
survival of the nonhardy or hardy parent 


Parent or cross 

Mean 

survival 

Difference 
between 
progeny and 
similar 
parent 

Dif./S. E. 

Poole. 

23 34dr0.503 
17 fl5± . 736 
21.43± .037 
46.59±: . 452 
46.74d:l. 156 
51.46d= .722 

5 69:£:0.920 
1.01:h; .650 
4.87db .852 

1 4.72±1.363 


3-2.. 

6.14 
2.25 
6.72 
3.40 

3-1 

7-9. 

3-13.... 

Minhardi. 





The data show that the survival found in the F 2 plants aneed veiy 
well with that found in the Fa; that is, lines that showed suscepti¬ 
bility to frost injury in the Fa also were tender in the Fa, while otner 
lines that proved to be cold-resistant in the Fa were also relatively 
cold-resistant in the Fa. Some Fa families appeared to be even 
tenderer than the nonhardy parent, while others were almost as hardy 
as Minhardi. The extent to which transgressive segregation appeared 
and parental types were recovered is shown in table 7. 

An examination of these data reveals that strains 3‘-2 and .3-1, when 
compared with Poole, show a mean difference of 5.69 and 1.91, 
respectively. The fact that these differences are 6.14 and 2.25 times 
the standard error shows that they are significant. This indicates 
that both strains are less winter-hardy than the nonhardy parent, 
and stron^y suggests transgressive segregation in the direction of‘ 
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non win ter hardiness. The two most winter-hardy of the segregates 
studied (7-9 and 3-13) are less hardy than Minhardi, the hardy parent. 

The ^eat increase in the variability between the parents and the F 2 
generation, the reappearance of the nonhardy parent, and the recom- 
oination of strains less winter-hardy than the nonhardy parent (trans¬ 
gressive segregation) indicate clearly the segregation of genetic 
factors. The results indicate, therefore, that cold resistance is 
inherited in the same manner as other quantitative characters; 
however, the number of genetic factors involved cannot be determined 
from the data. These results confirm the findings of other investi¬ 
gators, especially those of Nilsson-Ehle {12), Hayes and Aamodt (7), 
and Quisenberry {15), 

SUMMARY 

Studies on the technic of control hardiness tests and the inheritance 
of cold resistance in winter wheat varieties were made on wheat 
seedlings grown in the greenhouse during the winters of 1931-32, 
1932-33, and 1933-34. 

In experiments dealing with the development of a suitable technic 
for measuring cold resistance, over 85,000 wheat seedlings were frozen 
and their survival determined. 

The steps involved in developing a suitable method for determining 
cold resistance in wheat seedlings under controlled conditions are 
presented. 

Wheat plants hardened for 15 hours at 34° F., under artificial 
illuiiiination, show wider differences in estimated survival between 
varieties representing nonhardy, midhardy, and hardy types, than 
when hardened for a longer period at the same or different temper¬ 
atures. 

Wlieat seedlings up to the age of 32 days were much more sus¬ 
ceptible to cold tlian older plants. Wheat plants 32, 39, and 46 days 
old showed approximately the same survival when subjected to the 
standard artificial freezing test. 

Under the conditions of these experiments, winter wheat plants 
showed less injury in dry than in wet soil. 

The data show no significant differences in the estimated survival 
between slow and rapid thawing of wheat plants. 

In studying the inheritance of cold resistance in winter wheat, oyer 
40,600 Fi, Fg, F 4 , and parental plants were subjected to artificial 
freezing tests, and the estimated survival of each plant determined. 

The Poole variety had an estimated percentage survival of 24.1 and 
23.3, while Minhardi had an estimated survival of 53 and 51.5 for 
1932-33 and 1933-34, respectively. The Fi plants showed a survival 
of 36.5 percent. 

The estimated survival of the F 2 plants varied from 7.5 to 52.5 per¬ 
cent with an average of 34.6; that is, they were about intermediate 
to the parents in cold resistance. Families that were less winter- 
hardy tnan the nonhardy parent were recombined, wliich strongly 
suggests transgressive segregation in the direction of nonwinter 
hardiness. 

The results indicate that cold resistance is inherited in the same 
manner as other quantitative characters; however, the number of 
genetic factors involved could not be determined from the data. 
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A PHOTOELECTRIC DEVICE FOR THE RAPID MEASURE¬ 
MENT OF LEAF AREA ^ 

By Robert B. Withrcvw 

Heftearch assistant in horticulture, Purdue University Agricultural Experiment 

Station 

Various methods involving the use of light-sensitive cells as re¬ 
ported by Gerdel and Saulter,^ Bergman,'^ and others for the deter¬ 
mination of leaf area have been described. Most of these methods 
are based on the use of systems of lenses to secure uniform distribu¬ 
tion of the light flux over the aperture upon which the leaves are 
placed. 

The use of lens systems to distribute the light from a single source 
has two inherent limitations aside from the expense. The amount 
of energy received by the cell or cells is largely limited by the intrinsic 
brilliancy of the light source, and therefore necessitates the use of 
sensitive nonportable galvanometers. The size of the lenses em¬ 
ployed also sets a definite limit on the size of aperture which can be 
uniformly irradiated. 

The apparatus to be described in this paper was designed to elimi¬ 
nate the difficulties of optical systems employing large lenses by 
placing the leaves on a ground-glass diffusing screen and irradiating 
the diaphragm upon which the screen is set with a highly diffused, 
uniformly distributed source of radiation. 

This method is based on the following theoretical considerations: 
A group of thin opaque objects such as leaves of a total area ..1 is 
placed upon and m the same plane as a perfect diffusing screen 
diaphragmed to a known circular area Ao. The aperture of the 
diaphragm is irradiated from above by a source of such a flux dis¬ 
tribution that the intensity of the flux leaving the ground-glass 
diffusing screen and reaching the sensitive cells is of the same value 
at all points of the aperture. When this condition exists, the de¬ 
crease ill response of a linear light-sensitive cell, such as a vacuum 
photoelectric cell, will be proportional to the opaque areas on the 
aperture of the ground-glass diffusing .screen. The following rela¬ 
tionship will then obtain: 

A =^LK{Io—I) 

Ao=KIo when 7=0 
Where 

Ao^Area of diaphragm of diffusing screen 

A =Area of leaves 

lo —Photoelectric current with full aperture of the diaphragm 

/ = Photoelectric current with leaves in place 

K — Constant relating photoelectric cell current and area 

* Received for publication Jan. 18, 1935; issued June, 1935 

* Gbroasl, R. W., and Saulter, R. M., measurement of leak area using the photoelectric cell. 

Jour. Amer. Soc. Agron. 20:635-643.-1928. 

» Bergman, H. F., measurement of leaf areas rt mean.s of the photoelectric cell. Report 
presented at tenth annual meeting Amer. Soc. Plant Phys., Boston. Dec 39, 1933. 
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Figure 1 presents in diagrammatic form the details of this instru¬ 
ment, and figure 2 is from a photograph of the apparatus set up for 
operation. 

The illuminator consists of a set of lamp bulbs mounted on an 
open board above a plate of Florentine or maze glass. The square 
galvanized-iron housing has a flange at the bottom upon which the 
glass rests, with a second flange near the top so placed that the lamp 
bulbs are from 3 to 4 inches above the diffusing glass when the lamp 
mounting is resting upon it. T^e lamp mounting consists of 12 
receptacles arranged on a board as shown, with a square opening in 
the center and the comers removed for insuring proper ventilation. 
The 20 lamp bulbs are mounted in the ]2 receptacles hy the selection 



Figure 1 —Diagrammatic view of leaf^arca apparatus in which a photoelectric cell is used. 


of suitable Y and offset double sockets. The use of double sockets 
is not as satisfactory as small receptacles mounted rigidly on an open 
metal framework. However, they do lend flexibility to an experi¬ 
mental set-up. 

The arrangement is not very critical, the only requirement being 
that the lamps should be evenly distributed over the area, with the 
higher wattage lamps around the outside. In this manner, the flux 
is roughly controlled to give a final distribution which is uniform 
over the surface of the aperture. The final adjustment is made by 
raising and lowering the illuminator, wHch is mounted on a wooden 
frame above the receiving unit. Ventilation is taken care of by a 
series of 2-inch holes in the lower part of the housing. This is an 
important factor and must be given careful consideration, for the 
apparatus consumes nearly 1,700 watts. The sockets should not 
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have wax plugs around the screws since the heat melts the wax and 
it runs down onto the bulbs. The inside of the housing may be 
painted with a heat-resisting aluminum paint which reflects the 
radiation and prevents the housing from becoming excessively hot. 



Fiovas 2.-"Photograph of leaf-area apparatus set up for operation, with lamp mounting removed from 
illuminator to show arrangement of lamp bulbs. Potentiometer of portable type on stool. 


With one of the earlier instruments, a 1,000-watt lamp in various 
reflector types was used, but apparently it was not possible to secure 
the proper distribution of flux with this lamp. A high-wattage lamp 
would be much more efficient than the lower wattages and much 
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simpler to use if the proper reflector design could be worked out. 
Such a reflector would need to give a flux distribution that would be 
lower in the center than around the periphery of the illuminated area 
in the plane of the glass-diffusing screen. 

The lower receiving unit is smaller in section than the illuminator. 
The aperture as shown in section b of figure 1 is 12 inches in diameter. 
The diaphragm is covered by a pane of ground glass and a pane of 
clear glass. The leaves are placed between the two panes and in con¬ 
tact with the ground surface. A flange soldered on the rear of the 
diaphragm facilitates raising and lowering the clear glass pane for 
insertion of the leaves. 

The light-sensitive unit is mounted in the base. One or more cells 
may be employed. How^ever, the use of three or more cells in¬ 
creases the over-all accuracy of the instrument, and also makes it 
possible to install a less sensitive galvanometer. The use of many 
cells allow^s a certain degree of adjustment for nonuniform flux distri¬ 
bution, by adjusting the distance of the cells from the a])erture and the 
distance of the cells from one another. It also makes it possible to 
mount them quite close to the aperture and tluis greatly reduce the 
height of the apparatus. 

The deternination of flux distribution is made by ])assing an opacpie 
diaphragm with a small opening over the aperture. It has been found 
that if the reading on a galvanometer in the (‘ell circuit does not vary 
more than 10 percent as the opening is moved over the ai)erture, the 
resultant accuracy of the entire apparatus will be from 1 to 2 percent 
of the actual area for areas of from 100 to 500 cm^ when a single Weston 
photronic cell and a small portable galvanometer and ])otentiojnet(U’ 
are used. The control of flux distribution is largely made by raising 
and lowering the illuminator. 

The apparatus is calibrated by taking readings with a seiies of 
square or circular pieces of opaque material such as thin metal or black 
bakelite. These pieces are of known areas. With these data and the 
value of Ao and h, a calibration curve can be drawn relating area and 
photoelectric current. 

In practice, the instrument should be calibrated every time the 
value of Ao has changed appreciably. The calibration requires only a 
short time and serves to check the changes in line V(dtage. Undc^r 
conditions of seriously fluctuating line voltage, it may be advisable to 
recalibrate with a few^ known areas with each area measurement. If 
the line voltage is constant and the apparatus has had 20 to 30 minutes 
to come to equilibrium, the^do reading will remain constant for long 
periods. The use of a voltmeter in the line supplying power to the 
lamps is hot of much value, since a change in voltage sufficient to vary 
the voltmeter reading very slightly will produce a large change in 
visible radiation emitted by the lamps. The constancy of the electro¬ 
motive force generated by the light-sensitive cell is the best indication 
of steadiness of line voltage. 

If the response of the cell is not strictly proportional to the intensity 
of the light falling upon it, the foregoing relationships do not hold and 
the calibration curve will not be a straight line having a negative slope, 
but will be somewhat curved. A pair of typical calibration curves 
exhibiting the linear and nonlinear conditions is shown in figure 3. 
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These curves were taken with a potentiometer across a photogalvanic 
type of cell (Weston photronic). In the first case, the cell is operating 
with a resistance of 50 ohms shunted across it, thus making the response 
essentially linear. In the second case, no current is flowing through the 
cell, and the result is the curved or nonlinear voltage response. 

The voltage response of the photogalvanic type of cell is high and 
the internal resistance is relatively low as compared to the photoelectric 
cell. This makes it well adapted to potentiometric measurements. 
However, these cells have two unfortunate characteristics. Tliej^ have 
a very nonlinear voltage response, the electromotive force falling off 
from a straight line with increasing light intensities and the curve 
approaching an asymptote at high values. If a low resistance of less 
than 50 ohms be placed across the cell, the response becomes essentially 



FKjrRK 3. “Cttlibmtion curves of leaf-area apparatus, showinK linear and curved type of responses. H is 
value of resistor across photronic cell 


linear for low light intensities due to the change in internal resistance 
with light intensity. However, the internal resistance reaches equilib¬ 
rium rather slowly, and in some eases the last few percentages of 
eliange require several minutes to reach their final value. TWs makes 
the. cell entirely too sluggish for precise work when operating under 
linear conditions. Wlien a low resistance is used across the cell, the 
external electromotive force is very greatly reduced, in some cases as 
much as 90 percent. This adds further to the difficulty of reading. 
Therefore, it is generally more convenient to use a potentiometer, 
the reading of which is not influenced by the resistance of the cell. 

The output of the photogalvanic type of cell may also be read directly 
with a sensitive microammeter of fairly low resistance, as is done in 
the case of some of the direct reading illuminometers which have 
Recently appeared upon the market. With one of these illuminome- 
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ters or a combination of several photogalvaiiic cells and a suitable 
microammeter, the apparatus may be very conveniently calibrated in 
microamperes or foot-candles. 

For the precise determination of area, the use of one or more vacuum 
photoelectric cells is to be recommended. Under these conditions, 
the radiation from the Mazda lamps should be more highly and uni¬ 
formly diffused by the use of two or more layers of diffusing glass 
spac^ed an inch or two apart. The modern, well-designed vacuum 
photoelectric cell, when properly used, is stable and linear in its char- 
a<'.teristics. Its main disaavantages lie in the necessity for use of 
highly sensitive galvanometers or vacuum tube amplifiers. 

The leaves of many plants are not, even for practical considerations, 
entirely opaque and some light passes through them. Thus the areas 
as read from the calibration chart are incorrect, being lower than the 
actual value. Therefore, a correction factor must be applied. Tf the 
leaves being measured have an average total transmission of T for 
the light source and cell used, and A' is the observed area, the true 
area A can be shown to have the following value: 



Thus, the true area is the observed area divided by the absorption of 
the leaf, the latter often being considerably less than unity. 

The light transmitted by most leaves as measured by a photo- 
galvanic type of cell with Mazda lamps for a source varies between 
0.05 and 0.15 of the incident light. The transmission may be very 
conveniently determined by removing the celt from its mounting and 
placing it in a box of opaque material having a small hole in the lid of 
such a size that one of the leaves to be studied will readily (*over the 
entire opening. This box is placed on the diaphragm beneath the 
lamp sources and two readings are taken, one with the leaf in plac^e 
and one without the leaf. This should be repeated several times and 
the average of the ratio of each pair of recordings determined. The 
ratio is the transmission T, For these values, it is essential that the 
cell be operating under linear conditions. 

In order to give an idea of the range of magnitude, the following 
transmission values of a few typical leaves of greenhouse crops, 
obtained with a Weston photronic cell, are presented: 


Platit; TrarufRimon T 

Aster__... __ 0. 07 

Calendula_ . . .. _ .08 

Leaf lettuce _ _ .07 

Nasturtium _, . _ .10 

Pansy. ... _ . .06 


Plant—Continued. Tran9mi»sion T 

Hose.- - - . - 0. 06 

Stock.. . _ -- . .06 

Sunflower. _ _ 10 

Sweetpea___ _ . ,10 

Tomato__ .12 


It is, of course, to be expected that these values are influenced to a 
la^e degree by growing conditions. Thus, for each group of deter¬ 
minations, a new value needs to be obtained. Since the correction 
factor seldom alters the reading more than 15 percent, it is not neces¬ 
sary to determine the transmission of more than a few leaves with a 
high degree of accuracy. 
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Leaves are generally quite irregular areas with a large ratio of 
periphery to area. Therefore, it was thought that an edge effect might 
i)e present which would make the apparent area of a large number of 
irregular small surfaces different from that of one large surface of 
equal area. To test this possibility, a square piece of opaque black 
paper of 400 cm* area was placed on the diaphragm and a reading 
taken. The paper was then cut into a large number of small irregular 
pieces to simulate leaves and a reading again taken. The test was 
repeated several times and in no case did the second reading differ 
from the first by more than a few percent. This indicates that no 
appreciable edge effect exists. 

Although the apparatus vrhich has just been discussed is suitable 
only for detached leaves, it would be readily possible to adapt the same 
principles to the design of a small portable unit for measuring leaves 
on the plant. Such a device could be made with a pair of 45-degree 
mirrors so placed that the Mazda lamps and the photoelectric cells 
would not interfere with the remaining portion of the plant. 
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A PHYSIOLOGICAL STUDY OF DEVELOPMENT AND 
RIPENING IN THE STRAWBERRY* 

By Charles W. Culpepper, physiologist, Joseph S. Caldwell, senior vhysiolo^ 
gist, and Hubert H. Moon, junior pomologist, Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, United States Department of 
Agriculture * 

INTRODUCTION 

The work reported in this paper constitutes a comparative study of 
the physiology of development and ripening in a group of varieties of 
strawberries {Fragarm spp.) so selected as to represent the moat popu¬ 
lar and widely grown commercial varieties of the Atlantic seaooard 
States. It was begun in 1925 and was continued for 4 years in con¬ 
junction with a more extensive study of a larger number of strawberry 
varieties and strains which was being carried on to determine their 
suitability for the fresh market and for canning, preserving, freezing, 
and other methods of preservation. So far as the writers have been 
able to ascertain, no detailed study of the physiology of development 
of the strawberry has hitherto been made. Such reports of chemical 
analyses of the fruit as were found in the literature were concerned 
with the composition of the mature fruit, and these were few, by far 
the larger number of the named varieties in general cultivation appar¬ 
ently never having been subjected to analysis for any purpose. 

The present work attempts to extend existing knowledge of the 
physiology of the fruit by outlining the nature of the chemical and 
physical changes that take place in it during the course of development 
and ripening. A considerable number of varieties have been em¬ 
ployed for purposes of comparison. 


REVIEW OF LITERATURE 


Trzeciok in 1892 reviewed such analytical work on the 

strawberry as had appeared in the European literature up to that 
titne, and reported the results of his own determinations of total 
solids, titratable acidity, reducing and total sugars, and ash upon 
material obtained from wild plants growing in the vicinity of Erlan¬ 
gen, Bavaria. Detailed analyses of the ash of the fruit were made. 
The sugar and the acid content of the freshly expressed juice were 
determmed, the juice was subjected to fermentation by yeast, and 
the analysis of the liquid was repeated at intervals during the course 
of the fermentation. Most of the analyses cited by Trzeciok deal 
with the wild European strawberry, Fragaria vesca L., as do those 
assembled by Konig (16, pp. 776-777), and in work dealing with culti¬ 
vated varieties the varietal names are not given, 

' Received for publication Aug. 1.1934; issued June 1935. 

* The writers desire to egress tbeir gratitude to George M. narrow, senior pomologist, nivlsion of Fruit 
and Vegetable Crops and niseases, for permission to use tbe material employed in this study and for many 
courtesies in tbe course of tbe work. 
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A number of earlier American workers have reported the results of 
analyses made primarily for the purpose of comparing the nutritive 
value of the strawbe^ with that of other fruits. Stone (SO) made 
analyses of 20 varieties of ripe strawberries ^wn at the Tennessee 
Agricultural Experiment Station in 1889, the aeterminations including 
total solids by drying at 105° C., reducing and total suprs, acidity 
as malic acid, crude fiber, crude protein, ether extract, andnonnitroge- 
nous extract. Shaw (18) made analyses of 9 varieties grown at the 
Oregon Agricultural Experiment Station in 1898 and 1899, and com¬ 
pared the averaged results with those reported by Stone and with 
those for European varieties assembled by Konig. Shaw reached the 
conclusion that the European varieties are somewhat higher in sugar 
and acid and in insoluble and total solids than American berries, b^ut 
are lower in protein. The comparison would appear to be essentially 
a comparison of the European Fragaria vesca with the American 
F. virginiana Duchesne, with or without hybridization with other 
species. Weber (2S) made determinations of acid and sugar content 
upon 2 varieties, one an unnamed seedling, at the Ohio Agricultural 
Experiment Station in 1887. Of all the varieties named by these 
workers, not more than two or three are now being propagated by 
nurserymen and none is important commercially. 

The only recent work approximating a comparative study of the 
chemistry of a group of varieties is that of Vercuer (22)y which was 
concerned primarily with the determination of the effect of domesti¬ 
cation and hybridization in altering size and composition of the fruit. 
Vercier grew 15 cultivated varieties and strains of strawberries under 
identical conditions together with the wild Fragaria vesca and made 
determinations of weight per berry ; percentage of dry matter, sugar, 
and acid in the fruit; and yield of juice. As compared with the wild 
species, the cultivated strains were 600 to 1,800 percent higher in 
average weight per berry, but were markedly lower in total solids and 
sugars, and in most cases somewhat lower in titratable acidity. 
Vercier concluded that the trend of selection and breeding had been 
toward increase in size of fruits at the expense of the solids content 
and food value of the fruit. Gimingham (12) grew 2 varieties of 
strawberries. Epicure and Royal Sovereign, on 5 types of soil, 
continuing the work over 3 years and determining percentages of 
sugar and acid in the fruit. He concluded that each variety has a 
definite standard of composition that is affected in only a very limited 
degree by the character of the soil on which the berry is grown. Royal 
Sovereign was consistently higher in sugar content and lower in titrata¬ 
ble acidity than Epicure on all soils and in all seasons. In the degree 
of influence exerted upon sugar content, seasonal conditions were 
predominant over all other factors. 

Studies of the effects of cultural treatments or fertilizer applica¬ 
tions upon growth and productiveness of the strawberry plant are 
rather numerous but rarely include analytical data upon the fruit. 
The work of Shoemaker ana Grove (19) presents an exception. These 
authors determined the effects of rather heavy spring applications of 
a nitrogenous fertilizer on the fruit of only one variety, namely, 
Howard, 17 (Premier). The fruit from the heavily fertilized plots was 
slightly less firm as determined by resistance to pressure tests, was 
oonsistently higher in total nitrogen (including mtrates, which wcjre 
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not separately determined), liigher in catalase activity, lower in actual 
acidity and in reducing sugar, and generally lower in total sugars than 
that from the check plots. There were no consistent differences in 
moisture content or in ability of the fruit to withstand handling and 
shipment. Kimbrough {15), working at the Alabama A^cultural 
Experiment Station, found that weather conditions, especially rain¬ 
fall, had a decidedly greater effect upon the composition of straw¬ 
berries of the Missionary ^ variety than did fertilizer treatments. 
He determined the moisture and sugar content of berries from the 
various fertilizer plots at intervals of a few days throughout the bear¬ 
ing season. The amount of rainfall for 3 to 6 days prior to picking 
determined the composition, as berries from all plots had high mois¬ 
ture content and low sugar content after rainfall, and the reverse 
condition after a period of no precipitation. In a practically rain¬ 
less fruiting season, fruit from all plots artificially watered was uni¬ 
formly softer in texture than that from unwatered plots. Cochran 
and Webster {4) made analyses of berries of the variety Aroma ® at 
the Oklaliorna Agricultural Experiment Station from 12 plots that 
had received various fertilizer treatments, but were unable to find 
consistent correlations between composition and firmness or between 
either of these factors and fertilizer treatments. Loree {17) made 
detailed analyses of nitrogen, carbohydrate, and mineral content of 
roots and tops of Dunlap strawberry plants after the application of 
various fertilizer combinations, but confined his analytical work on 
the fruit to determination of moisture content. A number of workers 
have reported results of determinations of the nutritive value of the 
strawberry or of examination of the fruit for the presence or absence 
of some particular constituent, but review of work of this character 
is not pertinent to the present purpose. 

MATERIAL AND METHODS 

The material employed jn the study was grown at the ITixited States 
Plant Field Station at (ilenn Dale, Md., and formed a part of the va¬ 
riety collection assembled in connection with the strawberry-breeding 
work conducted by George M. Darrow. The Glenn Dale station is 
located 15 miles northetist of Washington, D. C. The soil fonnation 
is classified as Collington sandy loam, the particular area occupied by 
the strawberry plantmgs being a decidedly sandy loam. Rearrange¬ 
ment of the plantings at the station in 1927 necessitated the transfer 
of the variety collection to another area, but the conditions in the 
new location were not materially different from those in the old. 
The samples taken in 1928 were obtained from this planting 

Twelve varieties, namely, Missionary, Howard 17 (Premier), 
Klondike Parsons (Gibson), New York, Dunlap, Sample, Aroma, 
Gandy, Chesapeake, Progressive, and Portia, were employed in the 
study. The first 9 are the most widely grown commercial varieties, 
and together made up more than 80 percent of the commercial acreage 
of the United States at the time the work was begun (S, p. 308). 
Chesapeake is of considerable commercial importance in Maryland 
and adjacent territory, Progressive is one of the most widely grown 
everbearing strawberries, and Portia is a canning variety of relatively 

< Name of variety was supplied by Dr. Kimbrough in a personal oommunioation. 

* ^ame of variety suppliM by Professor Ooohran in a personal oommunioation. 
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restricted cultivation that has shown promise of value. Collectively, 
the ^oup was believed to be as truly representative of the com¬ 
mercially important strawberries of the country as it is possible for 
material grown at any one location to be. 

The general plan followed in obtaining material for analysis was 
to make collections of fruit at intervals of 5 to 7 days during the period 
of development and rii)ening. This method of sampling secured from 
each variety in every year two fairly complete series of fruits, one 
developed from the earlier, the other from the later blooms. The 
first collection was generally made as soon after blooms had set as 
sufficient material could be obtained, and usually consisted of berries 
that were just dropping the petals but which differed considerably 
in size. These for the most part had developed from the first flowers 
to open on the plants. Upon arrival at the laboratory, the berries 
were graded into 2 or 3 lots on the basis of size, if the quantity of avail¬ 
able material and the range in size of fruit permitted such separation. 
It was originally intended to begin the sampling of any variety as 
soon as the plants had set sufficient fruit to yield representative sam¬ 
ples, but this was found to be impracticable. The list of varieties 
includes early, midseason, and late-blooming, but the actual sequence 
of flowering varied greatly from year to year. As the distance from 
the laboratory precluded the making of collections with sufficient 
frequency to secure individual varieties at any desired stage, the 
method adopted was that of begjinning sampling as soon as a majority 
of the varieties had set sufficient fruit. Consequently the initial 
samples varied somewhat in size and stage of development from year 
to year. 

The second sampling was usually made approximately a week after 
the first. At that time an attempt was made to collect material repre¬ 
sentative of all the fruit on the plants, large and small. This material 
was subsequently divided into two or three lots on the basis of size, 
and a similar method was followed at subsequent samplings. In conse¬ 
quence the smallest fruits collected at the second or third sampling 
more or less closely approximated in size and stage of development 
the largest fruits taken at the first sampling. Similar duplications 
occurred throughout, so that the season^s samples were made up of two 
or three series which succeeded one another in development on the 
plants and collectively constituted a series of cross sections at various 
stages of development of the crop borne by the plants in that year. 
As the fruit became full-grown and ripening set in, the material was 
divided on the ;basis of color, as green, whitened, reddened, and ripe, 
without reference to size. 

This method of sampling affords no information as to the exact age 
of the fruits making up any particular sample. At the time the plants 
were flowering it was not feasible to tag flowers at opening so that the 
exact age of fruits could be known; consequently it was necessary to 
rely on the size and color of the fruit as a means of grading it roughly 
into lots of approximately equal age. For determining stages of 
maturity only slightly differing one from another it was necessary to 
rely upon the puncture tests. 

The firnmess, or resistance of the fruit to puncture, was determined 
as soon as the fruit reached the laboratory. The pressure tester de¬ 
scribed by Culpepper and Magoon {6) was used, with a needle 0.032 
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inch in diameter and a scale graduated in 5-g intervals. Twentjr to 
thirty berries were used in a test, each bemg tested at 2 to 4 points, 
midway from stem to tip, at the tip, and near the attach m ent to the 
stem. The values given in table 1 under the heading “Puncture 
tests” are averages of all the readings obtained from the individual 
tests made upon the sample. 

The instrument employed for measuring the firmness of the fruit 
was not ideal in every respect. It does not give a measure of the 
resistance of the fruit to deformation or flattening as does the pressure 
or “squeeze” tester developed by Haller, Harding, and Rose {IS) sub¬ 
sequent to the completion of this work. It measures only the resist¬ 
ance of the tissues to penetration by a small needle. As shown later, 
this type of tester gives an index of maturity which is quite depend¬ 
able, but it does not bring out varietal differences in firmness or 
resistance to crushing in shipping or handling. 

Determinations of hydrion concentration were made, in 1927 and 
1928 only, on a portion of the fresh sample. The berries were finely 
ground in a mortar and the juice was expressed by hand through triple 
layers of muslin. Duplicate or triplicate determinations, agreeing to 
within 0.05 pH, were made by means of the Bailey hydrogen electrode. 
A quinhydrone electrode was employed as a comparison electrode. 
In some cases scarcity of material necessitated the use of a micro¬ 
electrode {S). In these instances, a number of agreeing determinations 
were always secured. 

Samples for chemical analysis were made in duplicate and were 
preserved by slicing into a tared beaker a sufficient number of berries 
to give the desired weight (50 or 100 g), transferring them to a storage 
container, adding sufficient 95 percent alcohol to make the final con¬ 
centration 80 to 85 percent, heating to boding, sealing, and storing in 
the laboratory until the analyses w’cre begun, usually after an interval 
of 6 to 8 months. At that time extraction was completed with fresh 
95-pcrcent alcohol in a Soxhlet extractor, the extract made up to 
volume, and aliquots taken for the several determinations, which were 
made according to the official methods of the Association of Official 
Agricultural Chemists (/). 

ANALYTICAL DATA 

The analytical data axe presented in table 1. In the examination 
of these data the purpose will be (1) to trace in general outline the 
character of the changes in composition occurring in the fruit in the 
course of its development, regardless of variety or year; and (2) to 
determine the extent to which a variety has definable chemical 
individuality which persists from season to season despite variations in 
seasonal conditions and other varying factors and which consequently 
characterizes the variety as a chemical and physical entity. The 
data should indicate the extent to which the course of these changes 
may be modified by the environmental conditions prevailing in the 
plots during the development of the fruit, but since detailed records of 
these conditions were not kept, a discussion of this phase of the subject 
is not attempted. 



Table 1 .—Chemical composition and resistance to puncture of strawberry varieties during development and ripening 
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341 
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19 
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Percent 

13.27 

12.23 

11.32 

11.03 

9.48 

8.70 

9.41 

9.28 

Insolu¬ 
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Soluble 
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Astringency 

Nontan¬ 
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Percent 

.418 

.264 

.210 

.206 

.148 

.126 

.080 

.126 

Tannin 

Percent 

.652 

.476 

.300 

.276 

.230 

.148 

.210 

.128 

Total 

Percent 

1.070 

.740 

.510 

.482 

.378 

.274 

.290 

.254 

Titrat- 

able 

acidity 

Percent 

.910 

.983 

.942 

1.050 
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.740 
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Total 
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Green... 
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Medium. 

Large. 

White. 

25 percent pale red. 

Fairly deep red. 

Dead ripe. 

Diameter 
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Date 

1927 

May 12.. 

May 20. 

Do.. 

Do. 

May 28. 

Do... 

Do. 

June 3. 
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51 
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13.91 
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11.27 
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GENERAL COURSE OF PHYSIOLOGICAL CHANGES DURING 
DEVELOPMENT 

FIRST SAMPLING 

For reasons already stated, the size and age of the berries making 
up the initial samples varied considerably from vmety to variety 
and from year to year. Considered collectively, the initial samples of 
1925 and 1928 were very nearly identical in size and presumably in 
age; those of 1926 and 1927 were distinctly larger. 

In common with a number of fruits of varied types (S), the young 
strawbeny shows very definite and consistent chemical and physical 
characteristics. When compared with the later stages, the initial 
samples of all varieties in all years are characterized as a group by the 
possession of maximum resistance to puncture, maximum total solids, 
maximuin insoluble solids, ana^ maximum total astringency. For 
reasons discussed later, the absolute values for all these constituents 
vary considerably from variety to variety and from year to ye^, but 
without exception the smallest sample of any variety taken in anv 
given year had a maximum content of each of these constituents whicL 
progressively declined through the series of samples subsequently 
taken. Further, the maximum values for total and insoluble solids 
found anywhere in the series were present in the initial samples of 
New York, Portia, and Chesapeake, in 1928, which were taken when 
most of the berries had some of the petals still adhering and which 
were judged to be the youngest as well as the smallest berries obtained 
in the course of the work. 

The total solids of the young fruits are characterized by the pre¬ 
ponderance therein of insoluble solids, which make up 60 to 70 percent 
of the total, the percentage being maximum in the youngest berries 
obtained (Portia and New York, 1928). 

The soluble solids are quite variable in composition. The outstand¬ 
ing and constant characteristic is the very large amount of astringent 
material as indicated by the usual method of titration with potassium 
permai^anate and calculation in terms of the reducing power of 
chestnut tannin. In all the very young samples, permanganate- 
reducing substances when calculated as tannins make up 30 percent or 
more of the soluble solids, or more than 10 percent of the total solids 
(Aroma, 1925; Chesapeake, 1925, 1928; Dunlap and Gandy, 1925; 
Missionary, 1925,1926), The nature of this material is problematical 
and its statement in terms of the conventional tannin factor serves for 
convenience in comparison only. That it is actually much smaller in 
amount than these figures indicate is shown by the fact that for the 
youngest stages the sum of total sugars, titratable acids, and astrin¬ 
gents calculated as tannin exceeds the total sum of soluble solids as 
determined by drying the alcoholic extract. All that can be said at 
present is that the young fruit is characterized by the presence of 
considerable quantities of readily oxidizable substances wliich are 
most * abundant in the very young fruit and which decrease with age. 

The nontannin fraction of the astringent material (portion not pre- 
cipitable by gelatm) varies rather widety both in absolute amount and 
in the proportion it forms of the total astringents, but in every instance 
it is largest in the first sample of a series. Both total and nontannin 
^stringency show very large and abrupt decreases with increase in age 
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and size of berries. This behavior they share with a variety of fruits 
of widely different types (5), but no other fruit thus far examined 
appears to compare with the strawber^ in the amount of astringent 
material present in the very young fruit. 

The sugar content of the young fruit varies in amount and in the 
proportion of reducing sugars and sucrose entering into its make-up. 
In general, sugars constitute 30 to 40 percent of the soluble solids, but 
in a few cases the percentage is materially higher. Free reducing 
sugars in most cases make up 60 to 90 percent of the total sugar, 
but in a few instances sucrose nearly equals or even exceeds reducing 
sugars. The occurrence of high sucrose content is quite erratic, a 
variety in which it is relatively high in one year having very little at 
a corresponding stage in other years. 

Titratable acidity is in general quite high in the initial samples, 
its absolute amount fluctuating rather widely from year to year in a 
given variety. Active-acidity determinations were made only in 1921 
and 1928 ; the results indicate that active acidity is at a minimum in 
the youngest fruits obtained and undergoes a pronounced rise during 
subsequent development. Titratable acidity may undergo a similar 
but less pronounced increase or may remain more or less stationary 
throughout the growth of the berry, decreasing slightly in the fully 
ripe fruit. 

The resistance of the fruit to puncture is greatest in the youngest 
fruits and decreases progressively as development proceeds. In 2 or 3 
instances the larger berries taken at the first sampling w^e slightly 
firmer than the smaller ones, but in general the smallest fruits obtain¬ 
able were the firmest. 

In summarizing, it may be said that very young fruit, at the time 
the petals are witnering and falling or soon thereafter, is characterized 
by maximum firmness as measured by resistance to puncture, maxi¬ 
mum total solids, maximum insoluble solids, total astringency and 
nontannin astringency, high acidity, and a rather variable but 
relatively" low tottil-sugar content consisting predominantly of free 
reducing sugars with widely varying amounts of sucrose. 

SECOND SAMPUNG 

The fruit collected at the second sampling had entered upon the 
phase of rapid enlargement on the percentage basis as indicated 
primarily by increase in voliune. The systexn of grading by size 
herein employed included in any given sample berries differing by 
3 or 4 mm in transverse diameter, the lower limit being the upper 
limit of the preceding sample. No estimates of average volume of 
berry were made, but the second-stage fniits averaged 2 to 3 times 
the volume of the first-stage fruits. 

In some instances the larger berries obtained at the initial sampling 
showed well-defined physical and chemical differences from the 
smaller fruits taken at the same time; in others, such differences 
were less distinct. Without exception the fruit obtained at the 
second sampling, which was made 6 to 10 days after the first, showed 
distinct and consistent changes in practically every constituent 
determined. 
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The most pronounced change was a marked decrease in total 
solids, which was accompanied m all cases bjr a decrease in insoluble 
solids and in nearly all by some reduction in soluble solids. Total 
and nontannin astringents showed a very marked decrease, propor¬ 
tionally greater than in any other constituent. Total sugars were 
somewhat variable; in the majority of cases they were slightly lower 
than at the initial sampling; in the others they were practically 
stationary or showed a slight increase. In general, those varieties 
which were exceptionally high in sugar at the first sampling showed 
rather pronounced decreases; those which were low at that time 
showed no decrease or an actual gain, with the result that the ratio 
borne by total sugars to soluble solids was less variable at the second 
sampling than at the first. Sucrose in the great majority of cases 
had decreased; in others it remained constant or increased slightly. 
In no case was there any significant increase or any tendency toward 
permanent increase of sucrose. Titratable acidity in nearly all cases 
increased; in the exceptions it was highest in the first sample and 
declined so.mewhat at the second sampling. In every case in which 
hydrion concentration detenninations were made, the active acidity 
had very appreciably increased over that of the first sample. In all 
cases there was a considerable decrease in the resistance of the fruit 
to puncture. 

CHANGES UP TO WHITENING STAGE 

To describe in detail the changes that occur from one sampling 
period to the next for the various stages up to the point at which the 
fruits begin to lose their chlorophyll and become blushed would in¬ 
volve much repetition. The whole period is one of jirogressive 
decrease, initially rather rapid in total solids, insoluble solids, and 
astringent material. There is a less pronounced decrease, not 
present in every case, in the soluble solids. Total sugars and titrat¬ 
able acidity are rather variable in behavior, usually increasing 
slightly but frequently fluctuating irregularly without much net 
change. The explanation of these facts is clear (r'^). The period is 
one of rapid increase in size, due pri.nuirily to distention of the cells 
by absorption of water. The rate of water intake greatly exceeds the 
rate of formation of structural material. In conseiiuence the per¬ 
centage of insoluble solids and of total solids present in the fruit 
progressively decreases as the process of distention with w^ater con¬ 
tinues. Meantime, sugars are being transported into the fruit from 
the leaves at a rate which continually fluctuates with changes in the 
rate and a.mount of photosynthetic activity. Some of the incoming 
sugar is used up in respiration; some is employed in the formation 
of cell walls and structural material; the remaind(?r accumulates as 
sugar. Acids are being produced in the fruit as a result of katabolic 
activities at a rate which fluctuates with changes in the environ¬ 
mental conditions. Whether sugar content shall show an increase 
in amount from day to day will be determined by the relation between 
rate of forniation and transport of sugar, rate of respiration, and rate 
of absorption of water. In a period of deficient moisture supply and 
favorable conditions for photosynthetic activity, the growing fruit 
would show a rise in sugar content; under the opposite conditions a 
decrease would occur. In consequence, the composition of the fruit 
as regards sugar and acid content at any point in the period of rapid 
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growth is determined by the rate at which absorption of water is 
occurring in its relation to the rates of photosynthetic and respiratory 
activity. Because of the progressive accumulation of water the 
growing fruit decreases progressively in total and insoluble solids 
throughout the period of rapid growth. Meanwhile the content of 
sugar and acid fluctuates irregularly by reason of variations in rate 
of production, wluch at one time lags behind, at another forges ahead 
of the accumulation of water. In spite of irregularities due in part 
to sampling error, there is a clear tendency to an increase in both 
sugar and acid content with increase in size. Resistance to puncture 
decreases steadily throughout the period of rapid growth. 

CHANGES DURING WHITENING STAGE 

The stage of whitening, in which the fruit has practically attained 
full size and is losing its chlorophyll and beginning to develop a blush, 
is definitely characterized by a number of chemical changes. The 
progressive increase in water content which accompanies the period 
of rapid growth practically ceases and water content becomes nearly 
or quite stationary at a value that is maximum for the whole life 
history. (Conversely, total solids become stationary at a minimum 
value before beginning to increase somewhat as the fruit ripens. 
Titratable acidity, which as a rule has been increasing up to this 
point, reaches a maximum from which it subsequently declines 
rather rapidly. Active acidity attains a maximum from which it 
subse(iuently decreases somewhat as ripening proceeds. Soluble 
solids, which have declined somewhat or remained relatively sta¬ 
tionary up to this point, show the beginning of an increase which 
continues up to ripeness. Total sugars, which have previously made 
slow and irregular gains, increase markedly, and this increase is 
practically wholly in the fonn of reducing sugar, the amount of 
sucrose present remaining stationary or declining somewhat. The 
total sugai*s, which during the period of rapid growth make up 50 
percent or less of the soluble solids, now compose 60 to 65 percent 
of the total soluble matter but only 30 to 40 percent of the total 
solids of the berry. Total astringency, which has been decreasing 
rather rapidly up to whitening, enters upon a stage of slow and 
irregular decline, continued decrease in “true tannins” being inore 
or less completely balanced by increase in the nontannin fraction. 
Insoluble solids, which have declined quite rapidly up to this point 
but which have hitherto exceeded soluble solids in amount, drop 
below soluble solids and continue to decrease at a slower rate to full 
ripeness. Resistance to puncture ranges between 140 and 100 g, or 
between one-third and one-fourth of that found at the time the petals 
are falling. 

CHANGES DURING RIPENING 

The transition from the whitening stage to full ripeness is accom¬ 
panied by an increase in total solids, ranging in amount from very 
slight to very considerable, which only very exceptionally fails to 
occur. This increase is due to a rapid mcrease in total sugars, which 
considerably more than compensates for a simultaneous decrease in 
insoluble solids. While sugars at the whitening stage made up only 60 
to 65 percent of the soluble solids and not more than 40 percent of 
/he total solids of the fruit, in the ripe fruit sugars constitute 70 to 
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80 percent of the soluble solids and 50 percent or more of the toted 
solids. The percentage of sucrose in the total sugars is highly vari¬ 
able in the ripe fruit, as is the case throughout development, and its 
occurrence is sporadic, the extremes in the same variety ranging be¬ 
tween 3 percent and 30 percent of the total sugar present in different 
years. In general, 80 to 90 percent of the sugar of the ripe fruit con¬ 
sists of reducing sugars. Titratable acidity declines rather rapidly 
from whitening to full ripeness, then becomes stationary or may rise 
slightly in the ovempe fruit. Active acidity also declines in varying 
amount. Total astringency declines slowly, increase in the nontan¬ 
nin fraction partially counterbalancing the continued decrease in tan¬ 
nin. Resistance to pun(‘turo decreases rapidly, the general average 
of 100 to 140 g found in the various varieties at whitening stages be¬ 
coming reduced to 15 to 30 g at firm ripeness and sinking to 5 to 10 
g in overripe fruit. 

Summarizing the general course of development in the fruit, the 
earliest stages obtainable are characterized by a high total-solids con¬ 
tent consisting chiefly of insoluble materials, a very high content of 
substances which readily reduce potassium permanganate, variable 
but relatively low sugar content, moderately high titratable acidity, 
and low active acidity. The period of rapid increase in volume is 
one of progressive increase in water content with a resultant decided 
decline in content of total solids, insoluble solids, and total astrin¬ 
gency. In the earlier stages there is a varying and less pronounced 
decline in soluble solids with which there is generally associated a 
decrease in the total sugars; later, soluble solids become practically 
stationary and sugars may show an increase. Titratable acidity in¬ 
creases, active acidity shows a very pronounced increase. At the 
whitening stage, as the berry passes over from the phase of rapid 
growth into the ripening processes, water content, titratable acidity, 
and active acidity attain maximum values. The ripening of the 
fruit is attended by a marked increase in total sugars and soluble 
solids; an increase in total solids; and a decrease in total astringency, 
titratable acidity, active acidity, and insoluble solids. The firmness 
of the fruit as measured by resistance to puncture decreases through¬ 
out the whole period of development and ripening, most rapidly as 
the fruit passes from whitening to ripeness. 

RELATION OF CHANGES IN CHEMICAL CONSTITUENTS TO ONE 
ANOTHER AND TO RESISTANCE TO PUNCTURE 

In the preceding section the changes in chemical composition and 
in the resistance to puncture occurring in the strawberry during devel¬ 
opment and ripening have been pointed out and discussed. It now 
seems advisable to examine in more detail the nature of the relation¬ 
ships which exist among these several changes, and also to ascertain 
whether these relationships throw any light upon the behavior of the 
fruit in the course of the various canning and preserving processes. 

It is obvious from the preceding discussion that the physical char¬ 
acter and chemical composition of the strawberry are functions of its 
stage of maturity. The growth and development of the berry are 
influenced by many factors, some of which may affect one phase of 
its development to one degree and another phase to a different degree, 
or even in a different manner. Among these factors may be men- 
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tioned character and composition of soil, fertilizer applications, weather 
conditions, available soil moisture, prevalence of leaf diseases, close¬ 
ness of planting, number of berries borne upon the plant, and position 
of the flower cluster on the plant and of the berry in the flower clus¬ 
ter. It is difficult or impossible to evaluate the effects of these fac¬ 
tors upon a given lot of material. For this reason a single series of 
samples of field-grown fruit may yield results that leave the general 
relationships between physical and chemical characters in considerable 
doubt. Since there were available in this study 40 series of samples 
made up of 278 separate lots of fruit, the material seemed to offer an 
opportunity to determine more accurately the relationships existing 
among the several constituents of the berry than would be possible 
with a smaller number of samples. 

Study of the data with reference to maturity of this material has 
been considerably handicapped by the fact that the exact age of the 
berries making up any given sample was not known. It was not 
possible to tag the opening flowers, which would have made it possi¬ 
ble to collect samples of any desired age. The approximate age of 
the fruit was known, however, and it was apparent that its resistance 
to puncture w^ould give a fairly accurate measure of its degree of 
maturity. From a practical standpoint the firmness of the fruit is 
one of its most important characteristics. It therefore seemed desir¬ 
able to study the relatiousliip between degree of resistance to punc¬ 
ture and the amounts of the various chemical constituents of the 
fruit. Such a study seemed to be justifiable, for if there is a definite 
relationship between the resistance of the fruit to puncture and the 
amounts of the various chemical constituents present, the making of 
puncture tests would afford an inexpensive, readily obtainable index 
of the composition of the fruit. 

That there is a correlation between the resistance to puncture 
offered by the fruit and its chemical composition is immediately ap¬ 
parent from an examination of the analytical data. It will be noted 
that the correlation is not perfect, but just how nearly so it may be 
is not obvious from inspection. Moreover it is not clear whether the 
correlation is as high at one stage of development or maturity as at 
another. In other words, the (question arises whether the function is 
linear or curvilinear. Further, if the data are not in complete agree¬ 
ment, a question arises as to the extent of the variations and as to 
the reliability of the average values deternuning the location of the 
lines or curves representing the relationships. 

It is also obvious from an inspection of the data that some degree of 
correlation exists between the ratio of the insoluble solids to the soluble 
solids and the chemical composition of the fruit. Precisely the same 
questions arise in regard to this relationship as to that between firm¬ 
ness and composition, with a like impossibility of obtaining definite 
answers by inspection of the data. In order to answer these ques¬ 
tions as fully as possible, statistical methods were applied to the data, 
and the results are presented as a series of graphs. These present in 
part the relationslups between resistance to puncture and certain 
chemical constituents, in part the relationships between the ratio 
of insoluble to soluble solids and these same constituents. 

As the material at hand consisted of samples of 12 varieties of 
strawberry, an attempt was made at the outset to classify the data 
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with respect to variety. Thus there were formed 12 groups of samples 
of widely varying size, which markedly increased the magnitude of 
the standard error of estimate and resulted in the production of 
broken and highly irregular curves. The combination of all the data 
from the 278 samples into one class resulted in the production of 
very much smoother curves, and such a combination has accordingly 
been made. It should therefore be remembered that a part of the 
variation shown in the graphs is to be attributed to varietal diiTerences. 

The method employed in makipg the calculations is one described 
in detail by Ezekiel (ff, pp. 9t-^7y 111-124), and may be stated 
briefly as follows. The values of the given chemical constituent 
under consideration are regarded as the dependent variable y, and 
are plotted against the ratio of insoluble to soluble solids as the inde¬ 
pendent variable x. The pairs of values for each of the 278 samples 
were tabulated and then plotted on coordinate paper on a large scale, 
each pair of values being represented by a small circle. The line 
representing the average for all these points was then determined 
freehand, as follows: The values were divided into groups along the 
X axis, and the values of these group averages were each represented 
by a point; these points were connected by a line which w^as generally 
somewhat irregular. In order to eliminate these irregularities larger 
group averages were made or the groups were combined so as to 
establish intermediate points. Finally, a smooth curve was drawn 
in such a position that the deviations of the points on either side of the 
line appeared to be equal. This line represents the regression of the 
dependent variable upon the independent variable, and gives a com¬ 
plete picture of most of the facts in regard to the relationship betw een 
the two variables. The vertical distance of each point from the line 
of regression was read directly from the graph. The value of eacli of 
these deviations was recorded with its proper sign, and added alge¬ 
braically to the actual value of the dependent variable to which it 
corresponded. A sot of estimated values was thus obtained. The 
standard deviation of these estimated values, divided by the standard 
deviation of the actual values, gives the coefficient of correlation. 
Since certain corrections have to be made it is necessary to employ 
formulas which take these into account. The symbols and fonnulas 
and the general method employed are as stated by Ezekiel (/f, 
pp. 399-403). The formulas are numbered as in Ezekiel’s list. 
ir=independent variable. 
y=dependent variable (actual value). 

2 /'=estimated values of the dependent variable. 

2 =residual or difference between actual and estimated values 
of the dependent variable. 

Af=mean. 

<T=standard deviation. 

standard error of estimate. 
r=coefficient of correlation, 
index of correlation. 
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The results of the cah*illations are summarized in table 2; the various 
curves to which they relate are shown in figures 1 to 12. 


Table 2. —Coejficientn and indices of correlation and standard errors for the correla^ 
Hons between resistance to puncturey ratio of insoluble to soluble solidsy a?id various 
chemical constituents of the strawberry during development and ripening 
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1 Index. The curve is in part iwsitive, in part negative. 
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RATIO OF INSOLUBLE TO SOLUBLE SOUDS IN RELATION TO RESISTANCE TO 
PUNCTURE AND THEIR SIGNIFICANCE AS MEASURES OF MATURITY 


Since the exact age of the fruit comprising a sample was not knowu, 
it was impossible to determine exactly how well the degree of resis¬ 
tance to puncture measured the degree of maturity, for neither set 
of values could be checked against the age of the sample. As a means 
of checking the results of the puncture test, which is a physical method 
of estimating maturity, it was desirable to employ another and entirely 
different method, chemical in character, for estimating stage of matur- 



Fioure 1 —Relationship between ratio of insoluble to soluble solids and resistance to puncture <luring de¬ 
velopment of the strawberry. Plotted from table 1. Includes all values for all varieties for four seasons. 
Broken lines indicate position of the group averages; the heavy line is a smoothed curve. The coefficient 
of correlation is 0.917 and the standard error of estimate 0.207. 


ity. An examination of the analytical data in some detail appeared 
to indicate that the ratio of insoluble solids to the soluble solids of 
the fruit is also a good measure of the stage of maturity; it was 
therefore chosen to serve as a check upon the results obtained by the 
use of the puncture test. 

In order to ascertain the degree of relationship between these two 
measures of maturity, values for the ratio of insoluble to soluble 
solids were plotted against values for the puncture test, the line of 
regression being determined as drawn freehand in the manner already 
described. The result is shown in figure 1. It may be pointed out 
t^t for low values of both ratio and puncture test the fruit was full^^ 
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ripe; for high values of both measures the fruit was very immature. 
The line of regression is very nearly a straight line, but the data 
seem to justify a slight curve downward of the end of the line as 
extremely high values of the puncture test are reached. This shows 
that, on an average, changes in the values for the ratio of insoluble 
to soluble solids are directly proportional to changes in the resistance 
of the fruit to puncture, except for a small group of very high values. 
It may be noted that the points representing the individual pairs of 
values do not fall exactly upon a line but form a rather narrow band, 
the center of which is a line representing the average of all values. 

From the amount and character of the scatter about the line of 
regression it is evident that in individual cases the change in one of the 
measures employed is not accompanied by a corresponding change in 
the other. This of course means that if estimates of the degree of 
maturity were made for each of the samples in hand by the two 
methods of estimation separately the results in the individual cases 
would differ somewhat. While some part of the scatter, especially 
the widely aberrant values occurring here and there in the graph, are 
undoubtedly due to errors in making the analytical determinations, 
it is believed that environmental conditions may have been such as 
to affect one of these criteria of maturity without affecting the other 
to the same degree. 

The coefficient of correlation was determined and found to be 0.917, 
which indicates a very good agreement between the two measures of 
maturity. The coefficient of determination is 0.84. The standard 
error of estimate (0.207) shows that in 1 out of 3 cases the actual 
values of the ratio of insoluble to soluble solids will fall below or 
exceed the estimated values by as much as 0.207 percent. The 
reliability of the line of regression is not the same tliroughout its 
length, but decreases when the values are very high; in other words, 
with very young samples of fruit. 

INSOLUBLE SOLIDS IN RELATION TO RESISTANCE TO PUNCTURE 

In figure 2 the values for content of insoluble solids are plotted 
against the values for the puncture test. The points, with relatively 
few exceptions, fall closely about a locus which appears to be a straight 
line. For low values of the puncture test the content of insoluble 
solids is low; for high values it is high. The correlation is conse¬ 
quently positive and a coefficient of 0.882 shows a rather high degree 
of correlation. From the coefficient of determination it is seen that 
78 percent of the total variation in the resistance to puncture of the 
berries is accounted for by differences in insoluble solids, leaving 
only 22 percent to be explained by all other causes, including variable 
differences. The standard error of estimate (1.125) indicates that 
on an average two-thirds of the values for insoluble solids will fall 
within the limits of 1.126 percent above or below the line of regression. 
The reliability of the line, however, is not so great where the values 
are high as where they are low, as it evidenced by the increase of 
scatter in the high values (fig. 2). Since high values of the puncture 
test are indicative of immaturity, it is evident that the percentage 
of insoluble solids in the fruit is inversely proportional to the degree 
of maturity of the berry. 
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SOLUBLE SOLIDS IN RELATION TO RESISTANCE TO PUNCTURE 

In figure 3 the percentages of soluble solids in the various samples 
are plotted against the corresponding values of the puncture test. 



Figure 2.—Relationship between percentage of insoluble solids and resistaniJe to puncture during the 
development of the straw'berry, plotted from the data of table 1 and including ail values for all the varieties 
for the 4 years. Broken lines indicate the iK)sition of the group averagas; the heavy line is a smoothed 
curve. The coeflicient of correlation is 0 882 and the standard error of estimate 1.125. 



RESISTANCE TO PUNCTURE (GRAMS) 


FiouAR 3.—Relationship between percentage of soluble solids and resistance to puncture during the devel¬ 
opment of the strawberry, plotted from data of table 1. The index of correlation is 0.641 and the standard 
error of estimate 0.805. 


The points representing the various samples fall in a broad band 
about a locus which appears to be a pronounced curve, the scatter 
about the mean increasing very materially as low values for the 
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resistance to puncture are reached. The form of the curve is the 
resultant of several chemical changes differing in direction but occur¬ 
ring concurrently during the development of the fruit. The three 
groups of substances mainly concerned are sugars, acids, and tannins. 
Tannins and acids are high in the immature fruit and decrease with 
advancing maturity; sugars are low in the young fruit and rise rapidly 
as maturity is reached. The resultant line of regression is a curve 
which indicates a negative correlation where the values of the puncture 
test are low and a positive correlation where the puncture-test values 
are high. In other words, the correlation of soluble solids with punc¬ 
ture test is positive during the period just subsequent to flowering but 
becomes negative during the ripening period. The index of correla¬ 
tion of 0.641 is very considerably less than that found for insoluble 
solids. The coefficient of determination shows that 41 percent of the 



Fioitrk 4 Relationship between iwcentaee of total solULs and resistance to puncture during development 
and ripening of the strawd)erry, plotted from the data of table 1. The coefficient of correlation is 0.754 
and the standard error of estimate 1.455. 


total variation in resistance to puncture may be accounted for by the 
differences in soluble solids, leaving 59 percent to be attributed to 
all other causes. This is a considerably larger percentage of unex¬ 
plained variation than was the case with the insoluble solids. It is 
due not so much to the greater variation in the soluble solids as to 
a lack of a proportional change in soluble solids with change in resist¬ 
ance to pimcture. The standard error of estimate (0.805) is numeri¬ 
cally lower for soluble solids than for insoluble solids. 

TOTAL SOLIDS IN RELATION TO RESISTANCE TO PUNCTURE 

The results obtained when total solids of the fruit were plotted 
against resistance to puncture are presented in figure 4. The points 
are distributed over a broad band and the line of averages forms a 
rather pronounced curve. For puncture tests ranging from 5 to 80 g 
there is on an average little change in the percentage of total solids, 
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although the scatter is somewhat wider in this portion of the graph 
than elsewhere. This indicates that there is no correlation for the 
vdues in this range. For values of the puncture test above 80 g 
the percentage of total solids progressively rises; that is, resistance to 
puncture and percentage of total solids increase together, A change 
of a given magnitude in resistance to puncture is not accompanied by 
the same amount of change in the percentage of solids for all values 
of the puncture test. Despite the lack of correlation over part of the 
range of values, the coefficient of correlation is 0.754. This is a fair 
degree of correlation and the index of determination shows that 57 
percent of the total variation is accounted for, leaving 43 percent as 
due to all other causes. The standard error of estimate (1.455) shows 
that two-thirds of the values lie within limits of 1.455 percent above 
or below the regression line. 



Figure 5.—Relatiooship between percentage of total solids and the ratio of insoluble to soluble solids during 
the development and ripening of the strawberry, plotted from the data of table 1. The index of correla’ 
tion is 0.884 and the standard error of estimate 1.357. 

The form of the curve is due very largely to changes occurring in 
the developmental period of the fruit. The curve is the resultant of 
the joint effect of concurrent changes in a number of substances, some 
of which are increasing while others are decreasing. 

In view of the large standard error of estimate and the large per¬ 
centage of the variation left unexplained, it seemed worth while to 
plot total solids against the ratio of insoluble to soluble solids in order 
to ascertain how closely the results would check with the picture of 
relations just given, ana this was accordingly done. 

TOTAL SOLIDS IN RELATION TO RATIO OP INSOLUBLE TO SOLUBLE SOLIDS 

Total solids have been plotted against the values for the ratio of 
insoluble to soluble solids in figure 5. For low values of the ratio of 
insoluble to soluble solids the total solids are low; and for high values 
^6 total solids are also high; that is, for high values of the ratio of 
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insoluble to soluble solids and for high values of the resistance to 
puncture, the fruits are very immature, and for low values they are 
mature. Intermediate values represent intermediate stages of ma¬ 
turity. The points representing the various pairs of values for total 
solids and the ratio of insoluble to soluble solids are rather sym¬ 
metrically distributed around a line which is a pronounced curve. In 
general it is quite similar to the puncture-test curve of figure 4, but 
in one respect the two curves are quite different. The curve for 
solids plotted against resistance to puncture was quite flat for values 
of resistance to puncture ranging from 5 to 80 g, that is, in that portion 
of the curve representing the ripening period. In the corresponding 
portion of the curve for solids plotted against the ratio of insoluble to 
soluble solids, the curve first turns sharply downward, indicating a 
negative correlation, then changes direction, becoming nearly flat, 
after which it rises like the curve of figure 4 throughout the remainder 
of its length. Its direction in this latter portion indicates that there 
is a strong positive correlation with the ratio of insoluble to soluble 
solids, as was the case with the like portion of the curve for solids 
plotted against resistance to puncture. The extreme opposite end 
of this curve is negative, while the corresponding portion of the 
curve for solids plotted against resistance to pimcture shows no 
correlation during growth and up to the onset of ripening, indicating 
that the berry at this period has its highest moisture content, after 
which solids rise again as the fruit becomes fully ripe. These facts 
are not shown by the curve for solids in relation to resistance to 
puncture. A detailed study of the two curves in connection with 
notes made at the time of picking as to the approximate age, color, 
and size of the fruit leads the writers to the conviction that the cu^e 
for relationship of total solids to the ratio of insoluble to soluble solids 
gives a truer picture of the changes in total solids during the devel¬ 
opment and ripening of the fruit than does the curve for relation of 
total solids to resistance to puncture. This conviction is reinforced 
by the fact that the index of correlation (0.884) is higher and the 
standard error of estimate (1.357) lower than for the curve for 
solids plotted against resistance to puncture; also that a considerably 
larger proportion of the variation, 78 percent as against 57 percent, is 
accounted for. All the facts point to the conclusion that while there 
is in general good agreement for the curves, that of figure 5 is more 
reliable than that of figure 4, particularly in that portion represent¬ 
ing the ripening period of the fruit. 

TOTAL SUGARS IN RELATION TO RESISTANCE TO PUNCTURE 

In figure 6 the percentages of total sugar have been plotted against 
resistance of the fruit to pressure. For low values of the puncture test 
total sugars are high; for high values they are low. The correlation 
between sugars and resistance to puncture b therefore negative. 
The values are distributed about a Ime which is a pronounced curve 
for part of its length, becoming a horizontal line in its right-hand 
portion. A line of regression of this character shows that a unit 
change in the value of the puncture test is not accompanied by the 
same amount of change in percentage of sugar at all stages throughout 
the development. Such a change in puncture test when the resist¬ 
ance of the fruit to puncture is low, that is, after the ripening process 
has set in, is accompanied by a much larger change in the percentage 
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of sugar than is the case for high values of the puncture test, that is, 
in immature fruit. An index of correlation of 0.817 shows a fairly 
good correlation, and the index of determination indicates that 67 
percent of the variation is accounted for by differences in the puncture 
test, leaving 33 percent to be explained by all other factors. As the 
varieties show somewhat wider varietal differences in sugar content 
than in other constituents, a portion of tliis unexplained variation is 
unquestionably due to varietal differences, but variations in environ¬ 
mental conditions and errors of determination also have an influence. 
The standard error of estimate is 0.741 indicating that on an average 
two-thirds of the values lie between the limits 0.741 percent above and 
0.741 percent below the line of regression. The deviation of the 
points from the line becomes somewhat greater during the period of 



FirsuRE 6.—Relationship between percentage of total .sugars and resistance to puncture during the develop¬ 
ment and ripening of the strawberry, plotted from the data of table 1. I'he index of correlation is 0.817 
and the standard error of est imute 0.741. 


ripening, that is, as the values for the puncture test become low. This 
may mean that the puncture test is less reliable as a measure of ma¬ 
turity as the berries approach full ripeness than when they are still 
quite firm, or it may mean that the berries are more influenced by 
environmental factors at this stage of maturity than at earlier stages. 

TOTAL SUGARS IN RELATION TO RATIO OF INSOLUBLE TO SOLUBLE SOLIDS 

In view of the uncertainties just suggested it seemed advisable to 

f lot total sugars against the ratio of insoluble to soluble solids (fig. 7). 
t will be noted that the curve, while in general similar to the curve 
showing relation of total sugars to resistance to puncture, is more 
pronounced. The index of correlation (0.871) is higher and the error 
of estimate (0.584) is lower, indicating that the curve^ is somewhat 
more reliable than that of figure 5, especially in the period of ripening 
of the fruit. From this it may be inferred that the pressure test 
becomes a somewhat less trustworthy index of stage of maturity as 
the fruit enters the period of ripening than it is in the case of immature 
and growing fruit. 
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TITRATABLE ACIDITY IN RELATION TO RESISTANCE TO PUNCTURE 

Figure 8 presents the results obtained when the percentages of 
titratable acidity of the various samples are plotted against their 



RATIO OF INSOLUBLE SOLIDS TO SOLUBLE SOLIDS 


FioifRE 7 > Relationship between percentage of total sugars and ratio of insoluble to soluble .solids during 
the period of development and rii>ening of the strawtienry, plotted from data of table 1. The index of 
correlation is 0 871 and the standard error of estimate 0.584. 



Figure 8.— Relationship betw’een fiereentage of titratable acidity and resistance to puncture during de¬ 
velopment and rifienlng of the straw'berry, plotted from data of table 1. The index of correlation is 0.494, 
and the standard error of estimate 0.223. 

resistance to puncture. It is obvious that the titratable acidity to a 
^considerable degree varies independently of the resistance to punc¬ 
ture. For low values of the puncture test the acidity is generally 
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low; for high values it is higher. The curve first rises sharply with 
increase in resistance to punctxire in the region between 5 and 80 g, 
then becomes nearly horizontal, finally rising again with values of the 
puncture test ranging from 350 to 450 g. While the final upward 
turn of the curve follows the group averages very closely, its form must 
be regarded as somewhat questionable in view of the wide scatter 
which is apparent. If the final upward portion of the curve be 
omitted as questionable, it is evident from the form of the curve that 
there is a good positive correlation between resistance to puncture 
and titratable acidity throughout the ripening period, with very little 
or no correlation throughout the period beginning a few days after 
blooming and extending up to the onset of ripening. 

The index of correlation is 0.494, which is quite low. The coefficient 
of determination indicates that 24.5 percent of the total variation in 



Figure 9. —Relationship between percentage of titratable acidity and ratio of insoluble to soluble solids 
during the development and ri|:)enlng of the strawberry, plotted from data of table 1. The index of 
correlation is 0.M7 and the standard error of estimate 0.204. 


acidity is accounted for by variation in resistance to puncture, leav¬ 
ing 74.5 percent to be attributed to other causes. The standard 
error of estimate (0.223) indicates that one-third of all the values fall 
outside the limits of 0.223 percent above or below tile line of regression. 
In terms of the total acidity of the fruit, this is a very considerable 
variation. 

TITRATABLE ACIDITY IN RELATION TO RATIO OP INSOLUBLE TO SOLUBLE SOLIDS 

Because of the low correlation between titratable acidity and re¬ 
sistance to puncture, the correlation between titratable acidity and the 
ratio of insoluble to soluble solids was determined. The results are 
presented in figure 9. 

Throughout most of its extent the curve is similar to that of figure 8 
for titratable acidity in relation to resistance to puncture. The chiefs 
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difference is in that portion of the curve derived from the very young 
fruits, which shows no such upward turn as does the curve for acidity 
in relation to resistance to puncture. The form of the curve indicates 
no correlation in the case of fruits that are immature, with a fairly 
good correlation in the case of fruits that have entered upon the 
ripening period. The index of correlation is 0.547, as compared with 
0.494 for the acidity-puncture curve, and the standard error of 
estimate (0.204) is somewhat lower than for that curve. While 
both curves indicate little or no correlation for the period prior to the 
onset of ripening, both indicate a good positive correlation for the 
ripening period, the values for acidity in relation to ratio of insoluble 
to soluble solids indicating that this curve is somewhat more reliable 



than the curve showing the relationship of acidity to resistance to 
puncture. 

TOTAL ASTRINGENCY IN RELATION TO RESISTANCE TO PUNCTURE 

Figure 10 presents the results when total astringencv is plotted 
against resistance to puncture. The points fall rather closely about 
a locus which appears to be a very striking curve. The form of the 
curve shows that the regression of total astringency on resistance to 
puncture is constantly changing throughout the development and 
ripening of the fruit. For low values of the total‘astringency the 
resistance to puncture is low; for high values of total astringency the 
^sistance to puncture is high; and there is a very good positive corre- 
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lation throughout the entire range of values. The index of correla¬ 
tion is 0.926. The index of determination shows that 86 percent of 
the total variation in astringency may be accounted for by the varia¬ 
tion in resistance to puncture. The standard error of estimate (0.459) 
indicates that only one-third of the values will fall more than 0.459 
percent above or below the indicated line of regression. The line is 
not equally reliable throughout its length, however. It is much more 
trustworthy in the period of later development and ripening than in 
the period of early development, as is evidenced by the progressive 
increase in scatter of the plotted Values as the values of the puncture 
test increase. The reason for this is not clear. It may be due in 
considerable part to the fact that the method of determination of total 
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RATIO OF INSOLUBLE SOLIDS TO SOLUBLE SOLIDS 


Figure 11.— Relationship between iieromitage of total astringency and ratio of insoluble to soluble solids 
during development and ripening in the strawberry, plotted from dRta of table 1. The index of correla¬ 
tion is 0.710 and the standard error of estimate 0.685. The portion of the curve represented by a broken 
line is questionable because of the relatively small number of samples employed in its determination. 

astmgency determines a number of related substances that differ in 
their reducing power for potassium permanganate and that vary 
independently in amount as the development of the fruit proceeds, 
which is known to be the case. In part it may be attributed to sam¬ 
pling error and to any or all of the factors already mentioned. 

TOTAL ASTRINGENCY IN RELATION TO RATIO OF INSOLUBLE TO SOLUBLE SOLIDS 

For comparison with the last curve, the total astringency was 
plotted against the ratio of insoluble to soluble solids. The result^ 
are patented in figure 11. 
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The form of the curve is very similar to that of the astringency- 
puncture curve insofar as that portion derived from the later period 
of development and ripening is concerned. In the case of very imma** 
ture fruits the number of fruits is small, the scatter of individual fruits 
is very groat, and the line joining group averages is consequently 
excessivelv irregular. This may be taken to indicate that the ratio 
of insoluble to soluble solids as a measure of maturity is not as reliable 
for very immature fruits as for fruits approaching maturity. There 
is therefore some question as to whether the form of this portion of 
the curve, as determined from the number of samples in hand, is what 
it would be had a larger number of fniits been used. The portion of 
the smoothed curve which is regarded as questionable is represented 
on the graph (fig. 11) as a broken line. In the ripening period it is 
about as good an index of maturity as the puncture test. For the 
line as a whole the index of correlation is 0.710 and the standard error 
of estimate is 0.685, with a coefficient of determination of 0.504. 
These values indicate that the puncture test has considerably greater 
reliability as a measure of the astringency content than has the ratio 
of insoluble to soluble solids. The general similarity of the two curves 
makes the general course of the changes in total astringency fairly 
clear. 


RELATIONSHIP BETWEEN SUGAR CONTENT ANI> ACID CONTENT 

.Since tlie relationship between percentage of acid and percentage 
of sugar present is a very im[M>rtant factor in determining the paiata> 
bility of the fruit, it seemed advisable to determine the general rela¬ 
tionship between the two constituents in this assemblage of material. 
In figure 12 the percentage of total titratable acidity is plotted against 
percentage of total sugars. The scatter of the individual points is 
very wide, indicating that variations in acid content to a vei^ large 
extent are independent of the percentage of sugar present. There is 
a general tendency for titratable acidity to be low when sugars are 
high, that is, in berries at or nearing maturity, and for acidity to be 
high when sugars are low, that is in immature or young fruit. The 
line which represents this relationship is very nearly straight for most 
of its length, indicating absence of coxTclation, but rises somewhat in 
the portion representing very young samples to indicate a low negative 
correlation. The absence of any^ pronounced correlation must mean 
that some factor not accounted for affects one of the constituents 
without affecting the other. The fact that environmental conditions, 
which control the rato of accumulation of sugar through controlling 
the opportunities for photosynthesis, do not have any comparable 
controlling effect upon the rate of fonnation or destruction of acids 
suggests itself as an explanation of the form of the curve. 

DISCUSSION OF GRAPHS 

Despite the fact that the curves presented in figures 1 to 12 are not 
rate curves with respect to time, they tend to confiim the general 
conclusions with respect to the chronological sequence of even^ in 
the development of the berry wliich were stated in the preceding 
section. The mathematical treatment substantially reinforc^ most 
of the statements there made while at the same time it emphasizes 
iihe Wh degree of variability encountered in a large number of samples 
of different varieties taken over a period of years. 
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The question as to which of the two methods of measuring stage of 
maturity that have been applied to the material is the more reliable 
cannot be answered definitely, since the exact age of the samples was 
not known. A fairly conclusive answer to the question can be derived 
from a comparative study of the results of ^plication of the two 
methods to the data. In all cases in which this has been done, with 
one exception, the ratio of insoluble to soluble solids appears to be 
the more reliable of the two. This method, which may be termed a 
chemical measure of maturity, is least satisfactory when applied to 
very immature fruits. The resistance of the fruit to puncture, which 



Figure l2.--Helation8Mii) between percentage of titratable acidity and percentage of total sugars during 
development and ripening of the strawberry, plotted from data of table 1. The coefficient of correlation 
Is 0.290 and the standard error of estimate 0.247. 


is a physical measure of maturity, is very satisfactory for immature 
fruits, but becornes less reliable as the fruit enters upon the period of 
ripening. This is true for the particular puncture tester here used; 
it is, of course, not known what the results would be with other types 
of testers. 

A probable explanation of the failure of agreement between the two 
measures of maturity in the ripening stage is that environmental 
conditions at this stage in the life of the fruit exert a considerably 
greater influence upon the firmness of the berries than upon the 
rdation between insoluble and soluble solids. 
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PHYSIOLOGICAL CHARACTERISTICS OF INDIVIDUAL VARIETIES 

By comparative study of the ripe samples of the several varieties it 
should be possible to ascertain the degree to which any given variety 
possesses a definite chemical individuality. 

Such a comparison is difficult for the reason that the composition of 
the ripe fruit of a variety varies considerably from year to year and also 
froni beginning to end of a single crop season, in response to changes 
in climatic conditions, load of fruit upon the plants, and other varying 
factors. Since measurements of these factors which would permit 
any accurate evaluation of their effects could not be made in con¬ 
nection with tliis study, it can only be assumed that all the varieties 
were influenced thereby in the same direction and to the same degree 
and that the averaging together of all the ripe samples of a given vari¬ 
ety should give mean values for that variety which are fairly compar¬ 
able with those obtained in like manner for other varieties. Such 
average values have been computed and are presented in table 3. 
The results present a chemical definition or description of each of the 
varieties in terms of its content of eight constituents. 

In order to facilitate comparison of one variety with another, some 
standard of comparison is desirable. Such a standard, or norm, of 
entii'ely arbitrary character has been obtained by averaging together 
all the data for the ripe samples of all varieties. Tliis treatment per¬ 
mits comparison of any given variety with respect to any given con¬ 
stituent with any other variety or with the average for aU the varieties. 
It does not give any clear concept of the variety as a chemical entity 
nor does it pennit satisfactory comparison of varieties as chemical 
individuals with one another. In order to make such comparisons 
it is necessary to treat the data of table 3 in such a manner that the 
several varieties are presented as entities. Such a method of treat¬ 
ment has been adopted in figures 13 and 14, in which the chemical 
composition of each of the varieties is represented by a line. The 
scales upon which the various constituents are plotted were so chosen 
that the mean values obtained by averaging all varieties fall in a 
horizontal line across the graph. The composition of each variety 
was then plotted, and the points on the several scales connected by a 
line which rises above or fails below the line of general average accord¬ 
ing as the content of a particular constituent is greater or less than 
the general average. 

Table 3 .—Average composition of all ripe samples of each of 12 strawberry varieties 


Variety 

Total 

solids 

Soluble 

solids 

1 

Sugars 

Insoluble 

solkls 

Titrata- 
ble acid* 

ity 

Total 

astrin- 

gency 

Tannin 

Nontan* 

nin 


PerctiU 

Percent 

Percent 

Pfrcen< 

Percent \ 

Percent 

Percent 

Percent 

Aroma. 

9.77 

6.48 

4.63 

3.29 

0.593 

0.365 

0.217 

0.148 

Chesapeake. 

10.93 

i 7.61 

5.88 

3.33 

.745 

.303 

.162 

.141 

Dunlap. 

10.11 

6.33 

4.27 

3.79 

.736 

.321 

.183 

.138 

Oandy... 

11.97 

8.36 

6.34 

3.62 

.972 

.384 

.210 

.174 

Howard 17. 

9.95 

6.96 

5.04 

3.00 

.780 

.289 

.177 

.112 

Klondike. 

10.63 

7.37 

4.99 

3 26 

.969 

.378 

.238 

.140 

Missionary. 

10.89 

7.33 

6.26 

3.56 

.772 

.389 

.217 

.172 

New York. 

11.66 

8.46 

6.53 

3.19 

.656 

.275 

.114 

.161 

Parsons. 

9.29 

6.16 

4.49 

3.13 

.689 

.354 

.203 

. 151 

Portia. 

9.08 j 

5.96 

4.35 

3.12 

.586 

.280 

.138 

.142 

ProKressive. 

9.73 

6.32 

4.68 

3.41 I 

.628 

.272 

.152 

. 120 

Sample. 

9.38 

6.27 

4.55 

3.11 

.613 

.362 

.195 

. 167 

^ Average. 

10.16 

6.87 

5.00 

3.29 

.705 

.319 

.178 

i .141 
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As a further means of comparing varieties with one another, the 
ratios between certain constituents, namely, between acid and astrin- 
gency, acid and sugar, acid and total solids, astiingency and total 
solids, and total solids and sugar, have been calculated for each of 
the varieties and also for the average of all varieties. Those ratios, 
which are based upon the data of table 3, are brought together in 
table 4. The mean ratios for all samples form a second standard of 
reference for facilitating comparisons between varieties. 



Figure 13 —Mean values for total solids, soluble solids, insoluble solids, sugars, titratable acidity, total 
astringenoy, tannin astringency, and nontannin astringency in ri|)e samples of the dandy, Chesapeake, 
Klondike, Parsons, Progressive, and Portia varieties, plotted against mean values for the same oonstit- 
uents in all riiie samples of all varieties. 

At the same time that the individual characteristics of the several 
varieties are discussed an attempt will be made to combine the varie¬ 
ties into groui)s on the basis of similarity of composition. The basis 
of such grouping is not likeness in absolute amounts of the various 
constituents, as solids or sugar, in the varieties concerned, but similar¬ 
ity in the relationships existing between the several constituents of 
the fruit as indicated by the ratios of table 4. Employment of these 
ratios permits comparison without reference to the absolute amounts 
of the substances concerned. 
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FutTRE H .Mean values for total solids, .soluble solids. in.soluble .solids, sugars, titratable aridity, total 
aslrinRenry, tannin astrlngenry, and uontannin astriugcnry m rif>e .samples of the New York, Missionary. 
Dunlap, Howard 17 (Premier), Sample, and Aroma varieties, plotted agaimst mean values for the same 
constituents in all rifie .samples of all varieties 


Table 4. —Ratios between various constituents of ripe fruit f derived from data of 

table S 


Variety 

A.strin- 
gent .sub¬ 
stances 
to acid 

Sugar to 
acid 

Total 
solids to 
acid 

Total 
solids to 
astrin¬ 
gent sub¬ 
stances 

Sugar to 
total 
ioUds 

Total 
solids to 
tannin 

Total 
solids to 
nontan¬ 
nin sub¬ 
stances 

Soluble 
solids to 
insoluble 
solids 

Aroma. 

1 

0 01 

1 : 7.8 


• 10.4 

1 • 30.7 

1 

0 47 


: 4.'5.0 

1 :66.0 

1 : 1 96 

Parsons. 

I 

,51 

1 : fl. 5 


• 13 4 

1 20.2 

1 

.48 


: 45.7 

1 61.5 

1 : 1.97 

Sample,. 

Portia-,, _ 

1 

.59 

1 ; 7,4 


: 15, 3 

1 : 25,9 

1 

.48 


: 48.1 

1 : Mi. 1 

1 ; 2.01 


.47 

1 : 7, 4 


: 15.5 

1 : 32 4 

1 

.47 


: 65.8 

1 . 63.9 

1 1.91 

Pro»rres»ive. 


.43 

1.74 


’ 15.5 

1 : 35.8 

1 

.48 


: 64.0 

1 : 81.1 

1 : 1.85 

Mlaflionary. 

1 

.50 

1 : 8 


: 14 1 

1 : 28.0 

1 

.48 


: 50 1 

1 : 63 3 

1 : 2.00 

Klondike_ 


.39 

1 : 5.1 


: 10.9 

1 : 28,1 

1 

.47 


: 44.6 

1 : 75.9 

1 : 2.26 

Dunlap. 


.43, 

1 ; 6.8 


: 13.7 

1 ; 31.4 

1 

.42 


: 55.2 

1 : 73. 2 

1 : 1.67 

Howard 17.-- .- 


. 37 

1:04 


* 12.0 

1 : 34.1 

1 

.50 


: 56.2 

1 . 88.8 

1 : 2.32 

Gandy . 


.39 

1 . 0. 5 


: 12.3 

1 : 31.1 

1 

.53 


. 57 0 

1 ; 68.8 

1 • 2.30 

Ghe»ai)eake. 

New York. 


.40 

1 : 7.9 


: 14.6 

1 : 36.0 

1 

.53 


: 67.4 

1 : 77.5 

1 • 2.28 


.41 

1 : 9.9 


: 17.8 

1 : 42.4 

1 

.56 


. 102.3 

1 . 72.4 

1 : 2.65 

All samples. 


.45 

1 ; 7.0 


: 14.4 

1 -31.8 

1 

.49 


‘ 57.0 

1 : 72 0 

1 : 2.08 







The most important of these relationships is that existing between 
the amount of acid, astringent substances, and sugars present. The 
balance or the lack of it between these constituents in a fruit is of 
primap^ importance in determining its dessert guality. The relative 
intensity of the effects of these three groups of substances upon the 
•lierves of taste determine the individuaPs judgment of the fruit as 
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acid, sweet, tart, or properly balanced. The conception of the b^ic 
character of the fruit thus obtained is supplemented by perception 
through the organs of taste and smell of the mixture of oils and esters 
which give the characteristic odor and flavor of the species or variety 
and permit its recognition among others of its class. No matter how 
agreeable the individual odor and flavor of the Variety may be, it will 
not be considered desirable unless the balance between sugar, acidity, 
and astringency is such as to be pleasing. In determining palata- 
bility, the absolute amounts of these constituents are of minor im¬ 
portance as compared with the raiios existing between them. 

The content of total solids in its relation to these constituents is 
also a matter of some importance in determining dessert quality of the 
fruit, as a given quantity of sugar, acid, or astringent substance will 
be more or less apparent as the total solids associated therewith are 
large or small in amount. 

Considered on the basis of the relations existing between total 
solids, acid, sugar, and astringent content, the varieties included in 
the study may be combined into four groups: (1) A low-sugar, low- 
acid, low-astringency group, consisting of Portia and Progressive; 
(2) a low-sugar, low-acid, high-astringency group, consisting of 
Aroma, Parsons, and Sample; (3) a medium-sugar, high-acid, mediurn- 
astringency group, made up of Gandy, Missionary, Klondike, Dun¬ 
lap, and Howard 17; and (4) a high-sugar, low-acid, low-astringency 
group, consisting of New York and Ohesapeake. These groups will 
oe discussed in some detail. 

LOW-SUGAR, LOW-ACID, LOW-ASTRINGENCY GROUP 

Portia and Progressive show a considerable degree of likeness in 
composition as regards the absolute amounts of their several con¬ 
stituents. Both are low in total solids and in all the constituents of 
total solids, but notably so in total astringency and its components. 
As compared with the line of general average (fig. 13), they form a 
group characterized by low values throughout with especially low 
astringency. Reference to the table of ratios shows that in respect 
to the ratios of acid to solids, acid to sugar, and solids to sugar, they 
do not differ greatly from the second group or from the general aver¬ 
age. In the ratio of acid to astringency they are much higher and 
in that of astringency to total solids much lower than the second 
group, indicating a materially lower level of astringency in relation to 
the general level of other constituents than prevails in Aroma, Par¬ 
sons, and Sample. Their ratios of acid to astringency and to sugar 
and of astringency to solids are not so low as is the case in New York 
and Chesapeake, so that their sweetness to taste is not so pronounced 
as in these varieties. 

Progressive is below the general average in every constituent de¬ 
termined except insoluble smids. It is the lowest of the 12 varieties 
in total astringency, and has lower nontannin astringency than any 
other variety except Howard 17. In general composition it resembles 
Portia, but is somewhat higher in total insoluble and “soluble solids, 
sugar, and tannin, and somewhat lower in total astringency and in 
nontannins. Its low acidity and very low astringency result in a 
de^ee of sweetness to taste exceeding that of many berries of con¬ 
siderably higher sugar content. , 
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Portia is lowest of all the varieties in total solids^ soluble solids, and 
acidity. Howard 17 is very slightly lower in insoluble solids, Dunlap 
is slightly lower in s^ar, and Progressive and New York are lower in 
total astringency. Considered in relation to its other constituents, 
the insoluble solids and nontannins of Portia are rather high, but its 
low acid and total astringency ratios give it a sweetness to taste, as in 
the case of Progressive, out of proportion to its actual sugar content, 

LOW-SUGAR, LOW-ACID, HIGH-ASTRINGENCY GROUP 

The three varieties Aroma, Parsons, and Sample are very similar. 
In comparison with the line of reference, or general average (figs. 13 
and 14), they are very low in total solids, soluble and insoluble solids, 
sugar, and acidity, but are quite high in total astringency as a result 
of a fairly high content of both tannins and nontannins. Reference 
to the table of ratios brings out the fact that there is also a close resem¬ 
blance between them in the ratios existing between their constituents. 
The ratio of acid to astringency is 1 to 0.5 or 0.6; the ratio of astrin¬ 
gency to solids approximates 1 to 26, indicating a relatively higher 
astringency in relation to acidity and to solids than is found in any of 
the other varieties. The ratio of acid to sugar is slightly above the 
general average in Parsons, slightly below in Aroma and Sample. 
The acid-solids ratio is above the general average in Parsons and fairly 
close to the average in the others. The ratio of solids to sugar is 
practically identical in all. 

Aroma is low in total solids and all components of total solids except 
astringent substances. It rather closely resembles Parsons in com¬ 
position, but is slightly higher in absolute amounts of all constituents 
except acid and nontannin. Sample is considerably below the line of 
general average in all constituents except astringent sul>stances, in 
which it is quite high. It is almost identical with Parsons in total 
solids, soluble and insoluble solids, and sugar, somewhat lower in 
acidity, and higher in total astringency. It is quite liigh in nontannin 
astringency, being exceeded only by Gandy and Missionary in this 
respect. 

Parsons is slightly more acid than Aroma and Sample and slightly 
less astringent. Like them, it is quite low in total solids, insoluble 
and soluble solids, and sugar, a fact which determines its place here 
rather than in the next group. Hedrick { 14 ) characterizes Aroma and 
Parsons as ^‘pleasantly sprightly'^ and Sample as “subacid to some¬ 
what sprightly.He terms Portia and Progressive “subacid.'’ 
These five varieties dilTer only slightly in their ratios of acid to sugar 
or to solids, but Portia and Progressive have considerably lower 
astringency, both absolute and relative, than the others. The term 
“pleasantly sprightly", as used by Hedrick, evidently connotes the 
presence in tlie fruit of such a balance between astringency, acid, and 
sugar as is pleasing to the palate. With reduction in the amount of 
astringents present, fruit with the same acid-sugar ratio is subacid, 
tending toward insipid. 

MEDIUM-SUGAR, HIGH-ACID, MEDIUM-ASTRINGENCY GROUP 

Gandy, Missionai^y, Klondike, Dunlap, and Howard 17 (Premier) 
in that they have high ratios of acid to solids and to sugar, w^hile 
^ their ratios of astringency to solids are intermediate between those of 
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the first and second groups. They are consequently characterized 
by a sharply acid, distinctly astringent flavor which is subdued but 
not lost when the fruit is preserved with the addition of sugar. 

Missionary is in some respects intermediate in its chemical charac¬ 
ters between the last-mentioned group and the present one. It is 
well above the general average and consequently markedly above the 
last group in total solids and in practically all constituents of total 
solids, its total astringency exceeding that of any other variety. In 
its absolute amount of solids, sugars, and other constituents it is like 
other members of this group. Examination of the table of ratios 
shows that in acid-astringency, acid-sugar, acid-solids, and astrin- 
gency-solids ratios it is almost identical with Parsons. Parsons is a 
little higher in its acid-sugar and acid-solids ratios than the other 
memliers of its group, while Missionary is a little lower in its acid- 
sugar and acid-solids ratios than the other members of the present 
group. Parsons and Missionary are consequently intermediate 
between the low-acid, high-astnngency group and the high-acid, 
medium-astringency group. Missionary is characterized by Hedrick 
(J4) as quite tart, a designation which takes account of its high 
astringency. 

Klondike is considerably above the general average in its total and 
insoluble solids, is average in sugar, very slightly below average in 
insoluble solids and nontannins, and markedly high in acidity, total 
astringency, and tannin. Its high acid-astringency and acid-solids 
ratios make it relatively the most acid berry of the entire group, 
despite the fact that its sugar content is up to the general average of 
all varieties. Hedrick terms it sprightly to acid.’’ 

Dunlap is unique among the varieties studied in that while its total 
solids, acidity, total astringency, and components of total astringency 
are all practically on the line of general average, its insoluble solids 
are the highest found in any variety and its soluble solids and sugars 
are close to the minimum values found in Portia and Parsons. Its 
ratio of solids to sugar is the liighest noted in the 12 varieties, and its 
ratio of acid to sugar is exceeded only by that of Klondike. In conse¬ 
quence of its high acid-sugar ratio, it has a greater apparent acidity 
than other berries of equal absolute acid content but of higher sugar 
content, such as Chesapeake and Missionary. Hedrick’s characteri¬ 
zation of the fruit as ^‘mild” is somewhat surprising in view of the 
chemical data. 

Howard 17 (Premier) more closely approximates the general average 
in the amounts of all its constituents than does any other variety. 
Total solids, soluble solids, sugar, and tannins fall practi(*ally on the 
general average line; acidity only slightly above it. Insoluble solids 
and nontannins are the lowest found in any of the varieties, and total 
astringency is only slightly above the minimum values found in 
Progressive, Portia, and New York. In the ratios between its con¬ 
stituents, Howard 17 is very much like Gandy, having almost identical 
acid-astringency, acid-sugar, and acid-solids ratios. All these are 
higher than average, so that the berry is a distinctly acid one. Hed¬ 
rick terms Howard 17 ''pleasantly sprightly.” 

Gandy is outstanding in its high content of total solids and of all 
constituents of the total solids. It is equaled by no other variety in 
total solids, acid, and nontannins, is exceeded m soluble solids and 
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sugar only by New York, and in tannin by Klondike, Missiona]^, and 
Aroma. As compared with the general average of all samples, Gandy 
is high in all constituents but especially so in total solids, acidity, and 
astringency. Its similarity to Howard 17 in the ratios between its 
constituents has already been noted. Its ratio of solids to sugar, 
1 to 0.53, is lower than the average, which has the effect of increasing 
the sweetness of the fruit to taste. Headrick classes Gandy as briskly 
subacid. 

HIGH-SUGAR, LOW-ACID, LOW-ASTRINGENCY GROUP 

The New York and Chesapeake present a combination of high solids 
and sugar content with very low ratios of acid and astringency to 
solids and especially to sugar. This gives both berries a pronounced 
sweetness which is agreeable in the fresh condition but which renders 
them rather characterless and lacking in acidity and sprightliness 
when preserved with the addition of sugar. Both berries have low 
ratios of solids to sugar, which further intensifies the sweetness of the 
fruit. 

Chesapeake is high in total and soluble solids and in sugar, being 
exceeded in the amounts of these constituents only hy Gandy and 
New York. It is very slightly above the general average in insoluble 
solids and acidity, and somewhat below it in total astringency and 
tannin. Its ratio of acid to sugar is rather low, but it is preserved 
from being insipidly sweet by rather high acid-astringency and acid- 
solids ratios. Hedrick classifies it as ^‘mildly acid.^^ 

New York is unique in that it departs more widely from the line of 
general average in its composition than does any other variety. In 
total solids it is exceeded only by Gandy, and in soluble solids and 
sugars it exceeds all others, its insoluble solids and acid content are 
below the general average, and its total astringency and tannin con¬ 
tent are the lowest found in any of the varieties. Its nontannin con¬ 
tent is well above the general average, being exceeded only by Gandy, 
Missionary, and Sample. Of all the varieties studied it has the lowest 
ratios of acid to sugar, astringency and tannin to solids, and solids to 
sugar. This makes it a variety of outstanding sweetness to taste. 
Hedrick terms it ^‘mildly subacid.’' 

In conclusion, it should be noted that the foregoing results were 
obtained from fruit ^rown in one locality only, and that there is a 
possibility that repetition of the work in a more northern or southern 
locality would result in an alteration of the relative positions of some 
of the varieties. These results can be said to hold strictly only for 
the vicinity of Washington, D. C. There is need for further work 
upon the effect of various soils and different environmental complexes 
upon the composition of the strawberry. 

CHEMICAL AND PHYSICAL CHARACTERS OF THE STRAWBERRY 
IN RELATION TO ITS UTILIZATION 

The varieties used in this study include all the older and more widely 
cultivated commercial sorts. I'hey therefore represent the result of 
selection definitely directed toward the production of fruit of a char¬ 
acter adapted to market and shipping purposes, and presumably con¬ 
form rather closely to the general conception on the part of breeders 
and growers as to what a desirable commercial berry should be. 
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These varieties present very great diversity in the degree of their 
adaptability or suitability for preservation by canning, freezing, or 
other means, and yield products differing greatly in appearance and 
palatability when so treated. The reason is that the chemical and 
physical characters which must be possessed by a berry if it is to yield 
a satisfactory canned, frozen, or preserved product are in part dis¬ 
tinct from those that are acceptable in a commercial or dessert fruit. 

Some characters which are unobjectionable or even desirable in a 
commercial berry are distinctly undesirable in a fruit to be used for 
preserving purposes. Conversely, some characters which are indis¬ 
pensable to the making of a high-grade preserved product are not 
required and may even be objectionable in a dessert fruit. The 
analytical data supply a measure of some of these characters; others 
show no correlation with any facts brought out by the analyses. 

In the following paragraphs an attempt is made to state the charac¬ 
teristics of an ideal berry for preservers^ use, to check the different 
varieties against this ideal, and to correlate chemical and physical 
composition with adaptability to preserving purposes. 

FIRMNESS OP FLESH 

In order to be suitable for preservers’ use, a strawberry must have 
a texture of flesh that will enable it to withstand heating in sirup, or 
freezing and subsequent thawing, without breaking down and losing 
its form in the process. 

Of the varieties herein employed, Klondike and Gandy retain their 
form under preservative treatments in a higher degree than do the 
others. The only chemical character of these berries with which this 
property of resistance to heat appears to be correlated is their high 
absolute acidity, approximating 1 percent, and their high ratio of 
acid to other constituents. Whether the high acidity of tliese varie¬ 
ties is a coincidence or has a causal relation to their behavior in cooking 
can only be determined from more extensive studies on a wide variety 
of material. There is clearly no correlation between firmness under 
these treatments and amount of total solids or insoluble solids or 
ratios of insoluble to soluble or to total solids. 

The puncture tester employed in the present work determined the 
resistance of the fmit to penetration by a small plunger,. 0.032 inch in 
diameter. At a given stage of ripeness, as red ripeness, all the varie¬ 
ties showed practically equal resistance to puncture, no significant 
differences being observed among them. Resistance to puncture by a 
small plunger is definitelv correlated with stage of maturity, as shown 
in a preceding section, but does not show any correlation with the 
resistance of the fruit to deformation or crushing under pressure or 
with the amount of softening that will occur when the fruit is heated. 
The amount of softening and breaking to pieces occurring in tlie course 
of preservative treatment cannot be predicted with certainty from the 
characterizations of varieties in horticultural descriptions as ‘‘soft’\ 
‘‘moderately firm”, and the like, since varieties classed as “soft” and 
“firm'^ may break down to the same degree in preserving. 

COLOR 

The character and degree of change in color occurring in the course 
of preservative treatment are quite important in determining the 
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desirability of a berry for preservers’ use. An ideal berry for preserv¬ 
ing would be one that would retain the color of the fresh fruit un¬ 
changed through the preservative processes. No existing berry does 
this, but both the degree and the character of the change in color differ 
greatly in different varieties. One of the objects of the present study 
was to ascertain whether any definite relationship exists between 
chemical composition and the alteration and loss of color in the process 
of preservation. The results have been negative, but a brief state¬ 
ment of some of the observed facts may be made. 

The pigment of the strawberry shows the general behavior of the 
anthocyans, but as its chemical composition has never been determined 
it is not known whether it is a single pigment or a mixture. Because 
of its reducing properties it is included in the substances designated as 
nontannin astringents, along with varying amounts of other and 
unknown substances which reduce potassium permanganate. There 
is consequently no relation between the amount of the nontannin 
astringency and the apparent intensity of color of the fruit. Progres¬ 
sive, Missionary, and Sample are varieties that are deeply colored 
both at the surface and throughout the flesh to an approximately equal 
degree. Missionary and Sample have the maximum amounts of non¬ 
tannins found in the series, whereas Progressive has very slightly more 
than the minimum found in Howard 17. The other varieties studied 
differ widely in their apparent pigment content without any relation 
to their nontannin values. 

Darrow and Waldo {9) have studied the color changes occurring in 
a number of strawberry varieties, including Aroma, Chesapeake, 
Klondike, Howard 17, Missionary, and Dunlap, and in a number of 
their own selections. Their colored plate {pi. 2) shows that consider¬ 
able alteration of color occurs when the ripe fruit is picked and allowed 
to stand for a few days at summer temperature. In the case of 
Howard 17, Missionary, and Dunlap the change of color is toward 
purple; in Aroma, Chesapeake, ana Klondike it is toward dusky 
reddish brown. Similar changes occur when the fniit is allowed to 
become overripe on the plant. 

Culpepper and Caldwell {5) have reported that in the course of 
canning experiments with about 200 varieties and strains of straw¬ 
berries they encountered several types of behavior of the pigment 
of the berry after canning. In the type of most frequent occurrence 
the original red color became converted to some shade of brown or 
brownish red when the fruit was heated either in glass or in metal 
cans. This was attributed to isomerization of the pigment to a color¬ 
less form together with browning due to the oxidation of tanmn. In 
another type the change in color was a fading, or lessening in intensity, 
of the red color with no pronounced brownmg, which would occur if 
isomerization of pigment without oxidation of tannin had taken place. 

In the varieties herein studied there were veiy considerable differ¬ 
ences in the degree and character of the color cnanges of the canned 
product. In (jhesapeake, Gandy, Howard 17, Missionary, Sample, 
and Progressive, the outstanding change was a fading, or lessening m 
intensity, of the original color, apparent^ due to conversion of ^me 
of the pigment to the colorless form. This was accompanied by a 
variable but never e^i^treme degr^ of browning. In Aroma, Porti^ 
, Parsons, and Klondike the original color was deepened to a dark 
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brownish red, very simUar in appearance in all. In Dunlap and New 
York there was only slight fading and very little browning. 

These results cannot be correlated with any chemical characters 
brought out by the present study. The group in which pronounced 
fading under heat occurs includes the deeply colored, highly acid, 
highly astringent Gandy, together with berries of medium to low acid 
and astringent content. The group in wliich pronounced browning 
occurs contains the highly acid, rather astringent Klondike with others 
of low acidity and astringency. Dunlap and New Yprk, in which a 
minimum of change of either type occurs, are quite unlike in chemical 
characters. It is consequently impossible to correlate behavior of 
pigment with any type of chemical composition. Understanding of 
the behavior of pigments of the fruit must await studies of its chepaical 
composition and properties. 

PERSISTENCE OF FRESH FRUIT FLAVOR 

The palatability of a preserved berry is determined to a very con¬ 
siderable extent by the degree to wliich the consumer recognizes in it 
persistence of the flavor of the fresli fruit. This flavor is due partly 
to essential oils and esters and partly to the balance between sugar, 
acidity, and astringency in the product. In the process of preserva¬ 
tion very considerable quantities of sugar are added to the fruit in the 
form of sirup. The resulting interchange with the tissue fluids of the 
fruit brings about considerame change in the flavor of the fruit insofar 
as the balance between sugar, acidity, and astringency is concerned. 
As sugar content is increased, acidity and astringency are decreased 
by dilution with the neutral sirup, and there is also sonie actual loss 
of astringent substances tlirough oxidation or destniction by heat in 
the course of application of the preservative treatment. The extent 
of these changes will depend upon the amount and concentration of 
the sirup used and other varying factors, but the direction of the 
changes will always be toward loss of the balance and character of the 
fresh fruit and its replacement by a bland, insipid sweetness. 

The standards of quality applied to commercial berries are based 
upon the appeal that the fniit makes when eaten in the fresh condi¬ 
tion. In fruit to be so eaten, sweetness is a priinary consideration, 
and a high ratio of sugar to total solids with medium to low propor¬ 
tions of acidity and astringency is desirable. Consequently, the 
trend in selection of berries for commercial cultivation has tended 
to eliminate strains that are too high in acidity or astrinpney, or 
both, to be agreeable when eaten out of hand. The result is that 
when a desirable dessert fruit is preserved in sirup, it may become 
little more than a vehicle for sugar. In order to produce a preserved 
product which will be strongly suggestive of the fresh fruit flavor it 
is necessary to balance the added sugar by employing fruit of consid¬ 
erably greater acidity and astringency than would be acceptable in a 
dessert fruit. Since breeders have heretofore discarded such strains 
as they have appeared, this necessarily means that in the future 
attention will have to be ^ven to the development of varieties specifi¬ 
cally adapted to preserving purposes through selection of seedlings 
possessing desirable chemical as well as physical and horticultural 
characters. 
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With all the yarieties herein studied, some improvement in the 
balance and flavor of the preserved material was obtained by employ¬ 
ing fruit at the red-ripe stage as compared with fully ripe fruit. The 
obvious reason is that sugar content is increasing and acid and astrin¬ 
gent content are decreasing from the stage of r^-ripeness onward to 
full ripeness. These changes result in a decided improvement in 
dessert quality but entail a very marked decline in character and 
balanced flavor of the canned or frozen product. 

Of the varieties herein studied, the low-sugar, low-acid, low-astrin- 
gency group, Portia and Pro^essive, and the liigh-sugar, low-acid, 
low-astringency group. New York and Chesapeake, are most seri¬ 
ously lacking in the characters requisite to the making of liigh-grade 
preseiwed products. Wlien preserved by the addition of sugar they 
become blancL pleasantly flavored, with little or no varietal flavor or 
character. Whatever other characters they may have which may be 
considered desirable in a berry for preserving puiposes, these varieties 
serve chiefly as vehicles for conveying sugar. 

The low-sugar, low-acid, high-astringency group, Aroma, Parsons, 
and Sample, yield preserved products of better balance and more 
character than those just listed. While somewhat deficient in acid¬ 
ity, their relatively high astringency prevents conversion of the prod¬ 
uct to an insipidly sweet one when presented in sirup. 

The group ofTering greatest possibilities for preservative purposes, 
insofar as <H)mposition is concerned, is the medium-sugar, high-acid, 
medium-astringency group, made up of Gandy, Missionary, Dunlap, 
Howard 17 and Klondike. Of all the varieties herein studied, Klon¬ 
dike is preferred for frozen packing for use in ice cream, etc., and is 
probably most generally employed for canning, with Gandy ranking 
next {10). Both combine fairly liigh acidity and astringency wth 
other desirable characters, including deep-red color extending well 
into the flesh, and a firmness of texture which prevents cooking to 
pieces or collapse of the fniit in preserving. Missionary is some¬ 
what similar to Klondike in composition, but is less firm in texture, 
Dunlap is also somewhat soft as compared with Klondike. Howard 
17 is only moderately firm and has fairly good color, but its low 
astringency makes its preserved products somewhat lacking in spright¬ 
liness and balance. 

Many or most of tlie varieties herein studied are rather harshly 
astringent when under-mature but become less so as they ripen 
because of the rather rapid reduction in amount of the total astrin¬ 
gency. The total astringency is the sum of two components, true 
tannins and non tannins, the latter consisting of anthocyans and asso¬ 
ciated substances having reducing properties. The tnie tannins con¬ 
siderably exceed the nontannins in the immature fruit but decrease 
rather rapidly during ripening, the nontannins meanwhile increasing 
considerably. In the ripe fruit the amount of true tannins is still 
somewhat in excess of nontannins except in two varieties: Portia, in 
which the two are practically identical in amount; and New York, in 
which nontannins exceed true tannins by 50 percent. While both 
tannin and nontannin contribute to the astringency of the fruit, the 
tnie tannins are apparently much more important in determining 
flavor. 
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Wliile tannin is a iiiglily desirable constituent, in that it contrib¬ 
utes balance and sprightliness to the flavor of the preserved fruit, its 
presence offers considerable difficulty in canning or freezing. It oxi¬ 
dizes readily upon exposure to the air and more rapidly upon heating, 
with the production of a brown discoloration.^ Since the tissues of 
the fruit contain considerable quantities of air, wliich is removed 
with difficulty,® the prevention of brown discoloration in canning and 
freezing has not been successfully accomplished. It is less rapid and 
intense in the more acid Klondike^and Gandv than in varieties which 
are lower in acidity, and the experimental addition of an organic acid 
to the sirup in wliich fruit of the less acid varieties is canned or 
frozen results in distinct lessening of the brown discoloration. Con¬ 
sequently, berrie^s that combine high tannin and acid content with a 
high specific gravity may show less tendency to browning than do 
berries with low acid and tannin content but with low specific grav¬ 
ity and a liigh percentage of air in the tissues. 

SUMMARY 

Studies of the physiological changes in the strawberry fruit occur¬ 
ring during its development were carried on for 4 seasons on 12 
varieties, including all the more important commercial sorts of the 
Eastern States. Samples were collected at intervals of 5 to 7 days, 
beginning at a time when the petals of the earliest flowers were still 
attached and continuing until most of the crop had reached full soft 
ripeness. At the later samplings, material representing all the fruit 
on the plants was separated into 2 or 3 lots on the basis of size or, 
in the later stages, of color. 

The earliest samples secured were characterized by very marked 
flrmness and by high solids content. As compared with later stages 
of development, the young fruit at the stage of petal fall has maxi¬ 
mum resistance to puncture, maximum total and insoluble solids, and 
maximum content of material which reduces potassium permanganate 
(total astringency). Titratable acidity and soluble solids are fairly 
high but not maximum. Sugars are small in amount and usually 
make up only 30 to 40 percent of the soluble solids. Considerable 
sucrose is occasionally present, but free reducing sugars usually make 
up 60 to 90 percent of the total amount. 

On entering upon the phase of rapid enlargement, the fruit decreases 
considerably in its resistance to puncture. The outstanding chemi¬ 
cal change accompanying the onset of rapid growth is a progressive 
increase in water content. The decrease in total solids is due chiefly 
to a decrease in insoluble solids, and in smaller part to a decrease in 
soluble solids. There is a very pronounced decrease in materials that 
reduce potassium permanganate. Sugar content remains practically 
stationary or decreases slightly, while active acidity and titratable 
acidity show an increase. 

The period of growth up to the stage of loss of chlorophyll, or begin¬ 
ning of the whitening stage, is one of progressive decrease in resistance 
to puncture and in total solids, insoluble solids, and astringent 

* Culpeper and Moon (7) found that In 36 varieties and strains of strawberries tested the specific gravity 
of the muts rimged between 1.008 and 0.922, and the percentages of air by volume in the tissues between 
8.3 and 11.3. For Missionary the figures were: Speclfl^avity 0.966, air 7.2 percent; for Portia, 0.947, 8.3; 
for Howard 17,0.946, 8.5; for Progressive, 0.946,8.8; for Kloudtke, 0.936; for Dunlap, 0.937; for Aroma, 0.932. 
They point out that berries of high specific gravity are generally more desirable for canning than those 
irith Jower specific gravity, because of the greater tendency toward plnholing of the can in the latter. * 
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materials. Titratable acidity and total sugars usually increase 
slightly but may fluctuate irregularly with httle change. Soluble 
solids may decrease slightly or show practically no change. In 
these results the irregular variations in soluble solids and in sugars 
are in part due to day-to-day variations between rate of absorption 
of water and rate of formation and transport of sugar into the fruit, 
and in part to sampling errors. 

The stage of whitening is very definitely characterized chemically. 
At this stage the fruit attains the maximum water content present 
in its entire life histo^, together with maximum titratable and active 
acidity. Soluble solids, which have declined or remained relatively 
stationary up to this time, now begin to increase, chiefly as a result 
of increase in to^l sugara. Insoluble solids, which up to this time 
have declined fairlv rapidly, enter upon a slower rate of decrease. 
Astringent materials, which have heretofore decreased rapidly, enter 
upon a much slower and quite irregular decline. Resistance to punc¬ 
ture has decreased to between one-third and one-fourth that found at 
the initial sampling. 

Transition from the stage of whitening to full ripeness is accom¬ 
panied by a very rapid decrease in resistance to puncture. Total 
solids increase chiefly as a result of increase in total sugars, w^bich 
more than compensates for the continuing decrease in insoluble 
solids. Sugars make up 70 to 80 percent of the soluble solids and 
about 50 percent of the total solids of the ripe fruit, and consist 
chiefly of reducing sugars. Titratable acidity declines rapidly; total 
astringency declines slowOy from whitening to full ripeness. 

The chemical composition of the crop at any stage in its develop¬ 
ment or at ripeness is to a very high degree determined by the relative 
activity of two opposed processes, the absorption of water and the 
accumulation of siigar. The growth of the fruit is accompanied by 
progressive hydration, which tends to reduce the percentage content 
of all the solid constituents. At the same time sugars are being 
received from the leaves, wdiich tends to increase the solids content. 
The rate at w’hich hydration occui*s is determined by the initial soil 
moisture and the amount of precipitation; the rate at which transport 
of sugar to the fruit occum is governed by temperature and amount of 
sunlight. Both processes are consequently controlled by environ¬ 
mental conditions. Alternations of conditions that favor one or the 
other process during growth produce temporary fluctuations in com¬ 
position of the fruit. Normally the accumulation of water is the 
dominant process up to the whitening stage; from that time onwrard 
accumulation of sugar becomes the dominant process, but the amount 
of these changes may be altered by external conditions. 

These general statements with respect to the chronological sequence 
of events in the course of development of the fruit are substantially 
reinforced by a statistical treatment of the analytical data, in which 
all the 278 samples were considered as one class and in which deter¬ 
minations were made of degrees of correlation between a number of 
the constituents of the fruit and two different indices of maturity. 
One of the indices employed, the resistance of the fruit to puncture, 
or penetration by a needle, is a physical measure of matunty, while 
the other, the ratio of the insoluble solids of the fruit to the soluble 
solids, is a chemical measure of maturity. The two measures of 
••maturity have a coefficient of correlation of + 0.917, indicating a very 

141216-86-4 
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good agreement. Agreement is less perfect with extremely young 
fruit than with fruit m the later stages of development. 

The coefficient of correlation of insoluble solids with resistance to 
puncture is -f 0.882. The index of correlation of soluble solids with 
resistacne to puncture is 0.641, and the line of regression is a curve 
indicating positive correlation when puncture-test values are high, and 
negative correlation when puncture-test values are low. Total solids 
plotted against resistance to puncture showed a distinct correlation be¬ 
tween the two sets of values, and calculations of the coefficient of cor¬ 
relation gave a value of 0.754. The index of correlation for total solids 
with the ratio of insoluble to soluble solids is +0.884; the coefficient of 
correlation of total sugars with resistance to puncture is 0.817, the 
correlation being negative; the coefficient of correlation of total sugars 
with the ratio of insoluble to soluble solids is 0.871 and is also negative. 
In the case of fruit that has entered the ripening stage, the correlation 
of both total solids and total sugars with the ratio of insoluble to solu¬ 
ble solids is much closer than their correlation with resistance to punc¬ 
ture. Titratable acidity was found to have an index of correlation of 
0.494 with resistance to puncture and of 0.547 with the ratio of insolu¬ 
ble to soluble solids. The forms of the curves indicate little or no cor¬ 
relation for the period prior to onset of ripening, but very good positive 
correlations with both in the ripening period, that with the latter 
being somewhat higher. The coefficient of correlation of total as- 
tringency with resistance to puncture is 0.926; that with the ratio of 
insoluble to soluble solids is 0.710, the forms of the curves indicating 
greater reliability of resistance to puncture as a criterion of maturity 
in the case of very young fruits. There is a low but significant 
negative correlation between sugar content and acid content. 

As a basis for making comparisons of the chemical composition of 
the varieties and determining the degree to which varieties have 
definite chemical individualities, the average composition for all the 
ripe samples of each variety was determined, and also the grand 
average for all ripe samples of all varieties. The ratios between cer¬ 
tain constituents, namely, acidity and astringency, acidity and sugar 
content, acidity and total solids, astringency and total solids, and 
total solids and sugar, were then determined for each of the varieties. 
Comparisons of these ratios permit grouping of varieties of like com¬ 
position without regard to the absolute amounts of the constituents 
present. So considered, the varieties form four groups: (1) A low- 
sugar, low-acid, low-astringency group, consisting of Portia and 
Progressive; (2) a low-sugar, low-acid, high-astringency group, made 
up of Aroma, Parsons, and Sample; (3) a medium-sugar, high-acid, 
medium-astringency group, consisting of Dunlap, Howard 17, Gandy, 
Klondike, and Missionary; and (4) a high-sugar, low-acid, low- 
astringency group, consisting of Chesapeake and New York. 

The chemical characteristics of each of these groups as they affect 
the adaptability of the fruit to various preservative treatments are 
considered in some detail. None of the varieties studied is especially 
well adapted to preservers' use, primarily for the reason that the ratios 
of acudity and astringency to sugp content which are acceptable in a 
fresh fruit are too low to permit retention of balanced flavor and 
palatability when the fruit is preserved with sugar. Of the several 
groups, the medium-sugar, nigh-acid, medium-astringency group 
most nearly approaches the type of chemical composition desirable** 
in It heriy for preserving purposes. 
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THE TREND OF ORGANIC POOD RESERVES IN ALFALFA 
ROOTS AS AFFECTED BY CUTTING PRACTICES' 


By C. O. Grandpield ^ 

Assistant agronomist^ Division of Forage Crops and Diseasesy Bureau of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

For 20 years experimental work relating to the time and frequency 
of cutting alfalfa {Medicago saliva L.) has been conducted at the 
Kansas Agricultural Experiment Station. The purpose of the earlier 
experiments was to determine the relation of cutting practices to the 
yield and the quality of hay. It was thought that frequent cutting 
stimulated growth and increased the yields. It was soon found, 
however, that such treatment iisually resulted in injury to the stand 
and decreased yields. Later it was shown that if the alfalfa was not 
cut too frequently the stands could be maintained longer and the 
yields increased. Certain data from these experiments also indicated 
that the latter part of the growing season is the critical period insofar 
as cutting practices are concerned. It seemed desirable, therefore, 
to conduct new expeiiments to verify this conclusion and to study 
the effect of various cutting practices. Since recent experiments in 
Kansas and elsewhere have indicated a relation between the time and 
frequency of cutting and the organic reserves stored in the roots, it 
seemed advisable to determine the trend of these reserves throughout 
the season and also the effect of cutting practices on the storage of 
such reserves. The experiments reportea liere were undertaken to 
secure information regarding these points. 

REVIEW OF LITERATURE 

The literature dealing with the time and frequency of cutting in 
relation to permanence of stand, yield, and organic reserves has been 
reviewed by several writers, and an extensive discussion of earlier 
contributions seems unnecessary. The work of Salmon et al, {17y 
clearly showed that alfalfa is affected by cutting treatments. Graber 
ct al. (6') showed that the vigor and productivity of alfalfa is greatly 
reduced and the mortality rate of the plants increased by frequent 
and early cutting. Aldous (2)^ working with pasture plants, found 
that the organic reserves of perennial lierbaceous plants decrease in 
the spring until the top development reaches a certain stage, after 
which they accumulate and are stored in the roots. 

In studies with grasses, Graber (5) found that certain practices 
which interrupted photosynthesis also limited subterranean develop¬ 
ment, increased the susceptibility to drought and winter injury, and 
gave other indications of a weakened condition of the plant. Arny (S), 
in his work with the underground parts of five perennial weeds, found 

I Received for publication Peb. 9,1935; issued June 1935. Contribution no. 230, Department of Agron¬ 
omy, Kansas Agricultural Experiment Station, cooperating with the U. S. Department of Agriculture. 

> The writer is especially Indebted to S. C. Salmon, formerly with the Kansas Agricultural Experiment 
Station, and now principal agronomist, Division of Cereal Crops and Diseases, Bureau of Plant industry, 
U. S. Department of Agriculture, for aid in planning experiment 1 and in the preparation of this manuscript. 
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that the carbohydrate and nitrogenous reserves vary somewhat 
during the season and that many plants are weakened or killed by 
certain cutting practices. Previous work by the writer (7) with 
pasture weeds indicates that if the photosynthetic parts are removed 
when the reserve supply is low there is a tendency to starve the plant. 
Kraus and Kraybill {10), Harvey and Mumeek {9), Mumeek {12), 
Albert {!), Nelson {IS), Pierre and Bertram {15), Reid {16), and 
others have made distinct contributions to the study of organic 
reserves. 

METHODS AND MATERIAL 

The studies reported here are based on two field experiments, the 
first of which was started in the summer of 1929 in a field of alfalfa 
that had been seeded the previous fall on a dark alluvial soil of high 
fertility, and the second in 1931 on a soil of the same type. In the 
first experiment there were 9 duplicated treatments, differing with 
respect to time or frequency of cutting, and 6 check plots. The 
treatments were arranged to give growing periods of various lengths 
after the last cutting in the fall, thus providing different degrees of 
winter protection. 

Root samples for chemical analyses were taken at the beginning 
of the experiment, which was the third cutting in 1929, and there¬ 
after at the time the plots were cut until the spring of 1932, except 
that samples of the first and second cuttings in 1931 were not taken. 
Root samples were also taken in the late fall and early spring while 
the plants were dormant. In sampling, all plants were dug in a 
representative 0.0001-acre area, measured by a hoop. The area was 
selected from a part of each plot reserved for that purpose, samples 
being taken from duplicate plots. 

The primary objective of the second experiment was to determine 
more completely than was possible in the first experiment the fluctua¬ 
tions in carbohydrate and nitrogen reserves throughout the season, 
the relation of these fluctuations to cutting practices, and the effect 
of the past season^s treatments on yields. In 1931, there were 4 
variously treated plots, a fifth being added in 1932 and designated 
as plot 1. Single plots 30 feet wide and 145 feet long were used. 
In 1932, plot 1 was cut 4 times, each time when in full bloom. In 
1931, and 1932 plot 2 was cut first in the bud stage and thereafter 
3 times in full bloom; plot 3, twice in the bud stage and twice in full 
bloom; plot 4, 3 times in the bud stage and once in full bloom; and 
plot 5, 4 times, each time when in the bud stage. In the fall each 
plot was divided lengthwise into three divisions designated as a, b, 
and c. These were treated as follows: On a the top growth was 
removed at the time it ceased to increase in quantity, on 6 the top 
growth was removed after it had all been killed by freezing^ and on c 
the top growth was allowed to remain on the plots for winter pro¬ 
tection. It seemed desirable to eliminate the cumulative effect of 
the treatments; therefore new plots were established each year. 

Root samples representative of all plots treated similarly previous 
to sampling were obtained at weekly intervals. For example, the 
sampl^ from plot 1 taken from April 2 to May 21, 1932, are repre¬ 
sentative of plots 2, 3, 4, and 5, as they were all treated alike up to the 
later date. Likewise, the samples taken on plot 2 between May 21 
June 21, 1932, are representative of plots 3, 4. and 6. Chemical 
a^yses w^e based on 100 roots selected at random. 
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The roots in both seasons were analyzed for total carbohydrates 
and total nitrogen, previous studies having indicated that the effect 
of the different treatments on root reserves could probably be 
measured in this way. Immediately after digging, the root samples 
were cut into 84nch lengths and washed. Each sample was then 
cut into pieces approximately 1 inch in length, placed in a glass jar, 
covered with 95-percent alcohol, sealed, and stored for future chem¬ 
ical analysis. In preparing the roots for analysis the alcohol was 
drained off and the roots were allowed to dry, after which they were 
coarsely ground and again placed in the alcohol. They were allowed 
to absorb the alcohol and were then dried again, the alcohol being 
evaporated off at approximately 80® C. During the last drying the 
samples were mixed well with the material in the alcohol by stirring 
occasionally. The dried samples were again ground until 98 percent 
or more of the material passed through a }^-mm sieve. Analyses of 
total carbohydrates and nitrogen were made of this finely ground 
material. VVlth this method of diying and incorporating the alco¬ 
holic extiTict with the roots, only one determination for total carbo¬ 
hydrates or nitrogen was necessary for each sample. The Kjeldahl 
method was used for the determination of total nitrogen. In making 
the carbohydrate determinations a 3-g sample w^as hydrolyzed and 
the reducing power of an aliquot portion was determined in dupli¬ 
cate. The sugar determination was made by the cuprous titration 
method as developed by Shaffer and Hartmann (i8), and the amount 
of carbohydrates was calculated as dextrose from the Munson- 
Walker tables (4). Results are reported on a dry-weight basis. 

EXPERIMENTAL RESULTS 

EXPERIMENT 1 

Data secured from the first experiment are given in table 1. It 
will be noted that at the fall dormant period the differences in total 
carbohydrates and nitrogen due to the different cutting practices 
were slight, except in the more severe treatments of plots 14 and 29, 
which were clipped every 10 days after the last cutting and for wliich 
the total carbohydrates and in most cases the nitrogen w^ere conse¬ 
quently less than for any other plot. The difference in carbohydrates 
ranged from 3 to 10 percent. Plots 12 and 27, which w'ere cut in the 
bud stage throughout the season, seemed to run somewhat lower at 
the fall dormant period in carbohydrates than those cut less fre¬ 
quency, but the differences are not great nor are they consistent. 
Plot series 1, 2, 16, and 17, which was cut but once, and series 4, 5, 
19 and 20, and 15 and 30, which were cut but twice during the season, 
appeared to contain somewhat more carbohydrates and nitrogen 
than those cut more frequently, but here again the differences are 
small and not consistent. 

The standard error of the experiment was determined from the 
deviations of the individual determinations from the means pre- 

V 'Ld ^ 

The standard error for a single determination of total carbohydrates 
is ±1.58 percent and of total nitrogen ±0.08 percent. The figures 
in the table are averages of 2, 4, and 6 determinations, ^d this fact 
must be considered wherever the standard error is applied. 
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Table 2. —Weekly trend of percentage of carbohydrates and nitrogen {on dry basis) in alfalfa roots, 1931 and 1932 


702 


Journal of Agricultural Research 


Vol. W, no. S 











































































Apr. 15,1985 Trend of Organic Food Reserves in Alfalfa Roots 


703 


-- I I I I 1 1 ! 1 










• • 



7^ > 1 1 1 ?>l 1 1 1 1 

; 








1 1 1 1 1 1 


<N 

c 

^ 1 1 t 1 ^ • t 1 f 

I ^ 1 * * t C , , ( ( , 

; 










> 

S 

(C 



< 





\E 





'S 


Itt J 




s?s? 


;S^?SS82SSSS 

l’^ ! 


I I I I I I ! 




l.^.-:r^cjc^e4c^oie4T^‘ 

< 1 
• ^ • 


1 1 ! 1 » » 1 


ix CS 

<e o X1'. ^ 

li'»^^r«.ce©eo'<i‘00eo 

i 


1 I 1 1 1 




jwcScSeSfeeSeowcSSc^ 

icQ : 


flC 1 • 1 ' 'C£ ' 


«« 

■«»• CC 00 ■ © 

1 — C« 0» (M N W 0» CM p 

155 1 


w 1 I 1 1 'S3 1 


»o 1 


1 '< 1 1 1 ’( 1 1 I '. ?l 

I >» 1 

\p. \ 


i i : ' : ! >s ! 

1 ; : : i ;a ; 


i i 


1 Nov. 

1 


SSSelcH?, 

e4 d ^ <-1 ^ 

^ os QO 


® o «o o> ao CO'«• 


228 ;SS« 

fn 


!cc2 « : 




—' CO ■n' O —< 


! : ; : ;^ 


OD-rsoOXOSrrj^sOI'- 


^Hiillllititittiiliiiiiiiiiiiiiiiiii 








































































































704 


Journal of AgrievUural Research 


Vol. ISO, no. 8 


Data from this experiment relating to stand have been presented 
in another paper (S), but a summary is given in table 1. It is ap¬ 
parent that, in general, late cuttings, which leave only a short fall 
growing period before winter, reduced the stands materially below 
those in which the growing period after the last cxitting was longer. 
The data in table 1 show good agreement between stand and root 
reserves, except for plots 11 and 26, in which all cuttings were made 
at full bloom or later, when the root reserves were high. 

EXPERIMENT 2 

The data from the second experiment, which was conducted in 
1931 and 1932, are given in table 2. Very similar results were secured 
in the two seasons. The data for 1932 are presented grapliically in 
figure 1, the curves having been drawm freehand to represent the 



MAR.I APR.I MAY I JUNE I JULY I AUO.I SEPT. I OCT. I 

Figure 1. —Trend of total carbohydrates and nitrogen during growing season of 1932 as affected by dilTereut 
cutting treatments. Curves were drawn freehand from data in table 2 Dots indicate date of sampling. 
Dots not intersected by curves are connected by lines to their respective curves. 

best fit. It will be noted that when growth starts in the spring and 
after each cutting there is a rapid dedine of total carbohydrates and 
of nitrogen in the roots. However, the nitrogen curve for a short 
time after each cutting shows an increase, ftobably at that time 
relatively more carbohydrate than nitrogen is used and hence there 
is an increase in nitrogen on a percentage basis. Tliis condition is 
soon changed, and the curve starts down, following closely that of the 
carbohydrates. Under normal growing conditions, the carbohydrate 
and nitrogen curves reach a minimum about 20 days after cutting, 
after which there is a rapid increase, reaching a maximum when the 
plants are in full bloom. The point of minimum storage appears to 
depend on the amount of plant growth or probably leaf surface and 
rate of growth. These relations no doubt depend very materially 
on temperature and probably on other factors. 
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DISCUSSION 

The effect of the length of the growing period after the last cutting 
on the accumulation of carbohydrates during the fall dormant period, 
especially the effect of removmg the aftermath at the time growth 
ceased (Oct. 5), is shown in figure 2. The effect can best be seen by 
comparing the 6 curves for the different plots and by comparing the 
a and b subdivisions for each plot. With respect to the former com¬ 
parison, it will be noted that the carbohydrate content of the roots 
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FiciURK 2.- Effect of length of growing period after last cutting in fall and of remaining aftermath on storage 
of total carbohydrates and nitrogen in roots during fall dormant period, 1932. 


at the last sampling date of the season (Nov. 21) was substantially 
the same for all plots except plot 2, on which it was low. This no 
doubt is explained by the fact that on tliis plot the last cutting took 
place a short period before growth ceased, and the aftermath de¬ 
pleted these reserves but was not suABcient to restore them. On the 
contrary, the length of the growing period in plots 3, 4, and 5 was 
sufficient to restore the reserves before November 21, On plot 1 









706 


Journal of Agrwultural Research 


Vol. BO, no. 8 


the last cutting coincided with the end of the growing period, henc^ 
there was no aftermath and no depletion of reserves. 

It will also be noted that in all cases both the carbohydrate and the 
nitrogen content of the roots on the 5 division, in which the aftermath 
was not cut until November 21, was moderately greater than on the 
a division of the same plots, on wluch the aftermath was cut as soon 
as growth ceased (Oct. 5). These comparisons and the shape of 
the carbohydrate and nitrogen curves after the last cutting, taken in 
conjunction with the form of the curves sliown in figure 1, seem to 
afford rather conclusive evidence that the amount of growth which 
takes place after the last regular cutting has a material bearing on 
the organic reserves stored in the roots. 

It seems that in some cases the last cutting may be too early for a 
maximum accumulation of reserves. This is indicated by the data 
from plot 5 in 1931 (table 2), in which the fourth and last cutting was 
made August 29. On this date the carbohydrate content was 36.4 per¬ 
cent. This increased to a maximum of 39.2 percent on October 28 and 
afterward decreased to 35.7 percent on December 1. The growing 
period after the last cutting was long this season and the new growth 
matured before the beginning of the fall dormant period and a second 
new growth started from the crowns. No doubt the carbohydrates 
were decreased as a result. There was no material decrease in 1932 
after the date of maximum storage, but in this case the season was 
shorter and growth ceased about October 5 instead of October 28. 
The data indicate that the growing period after the last cutting 
should be only long enough to permit 8 to 10 inches of growth. 

Observations of spring growth in 1932 and 1933 indicated some 
benefit from allowing the aftermath to remain through the winter, 
as compared with removing it in the early or late fall. Growth 
started earlier and continued more vigorously throughout the first 
and part of the second crop. This suggestion is supported by the 
data in table 3, which shows the effect of these treatments on yield. 
As compared with 6 plots, in which the aftermath remained until it 
was killed by frost, the lowest yields were recorded in every case for 
a plots, in which the aftermath was removed as soon as growth ceased; 
the b plots, in turn, in every case but one, produced lower yields than 
the c plots, on which the aftennath remained until spring. Leaving 
the aftermath on until it was frozen resulted in an average increase 
of 16.2 percent, and leaving it on until spring resulted in a furtl^er 
increase of 13.2 percent. However, approximately 10 percent of the 
latter increase was due to the old growth harvested with the new 
crop, which, when subtracted from that increase (13.2 percent) leaves 
3.2 percent due to winter protection. In calculating these averages, 
plot 1 was omitted because the growth that was left on was equal to 
a full crop and in farm practice would have been removed as a fourth 
cutting, as was done on the a and 6 divisions; and plot 2 was omitted 
because there was no aftermath. 

The data in figure 1 suggest that the percentage of total carbohy¬ 
drates at comparable stages of growth during midsummer is lower 
than in the earlier or the later part of the season when the tempera¬ 
ture is lower. This would be expected from the known relations 
between temperature and the storage of carbohydrates, as pointed 
out by Miller (11, p. 451), and by Nightingale (I^). 
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Table 3. —Effect of 'previous treatments on yield of alfalfa hay in first cutting 


Previous year’s treatments 


Plot no. 

Stage of cutting 

Fall» 

Average 
growth pe¬ 
riod after 
last cutting 

Height of 
plants at 
first cutting 

Air-dried 

I hay per 
acre at first 
cutting 

• 

2 

3 

4 







Day» 

Inches 

Pounds 



1 FB 

FB 

FB 

FB 

a 

0 

14 

1,904 

1. 



FB 

FB 

FB 

ft 

0 

1 10 

2,287 


1 

1 FB 

FB 

FB 


c 

47 

18 

2,887 



1 ® 

FB 

FB 

FB 

a 

7 

14 

1.961 

2_. 



FB 

FB 

FB 

ft 

7 

14 

2,032 



1 B 

FB 

FB 

FB 

c 

7 

14 

1 1,815 


1 

1 2 

B 

FB 

FB 

a 

22 

14 

2,017 

3. 


B 

B 

FB 

FB 

ft 

22 

16 

2,317 


1 

1 B 

B 

FB 

FB 

c 

22 

17 

2,385 



( B 

B 

B 

FB 

a 

38 

14 

2,096 

4. 



B 

B 

FB 

ft 


16 

2,478 



1 B 

B 

B 

FB 

f 

38 

17 

3,007 


1 

1 

B 

B 

B 1 

a 

.W 

15 

2,220 

5 . 


2 

B 

B 

B 

ft 

50 

17 

2,565 


1 

1 B 

B 

B 

B 

c 

50 

17 

2,943 


Average of the first cut¬ 
ting, 1032 and 1933 


' a. Top growth removed at the beginning of the fall dormant period; ft, top growth removed after being 
killed by freesing; r, top growth left on ftir winter protection and removed with the first cutting. 

* Fourth crop not cut: left for winter protection. 


Tables 1 and 2 show a decided decrease in the amount of total car¬ 
bohydrates at similar stages of development, from year to year. 
This is probably the result of an increase in the fibrous tissues as the 
alfalfa roots become older, resulting in a percentage decrease in other 
constituents. The relation here, so far as nitrogen is concerned, 
is not so obvious, probably because of the gieater effect of stage of 
growth on nitrogen content. 

SUMMARY AND CONCLUSIONS 

Twenty years of experimental studies relating to the time and 
frequency of cutting alfalfa at the Kansas Agricultural Experiment 
Station have gradually indicated that the fall of the year is the critical 
period insofar as cutting practices are relatcHl to organic root reserves 
and permanence of starui. Experiments wore conducted from 1929 
to 1932 in a study of the trend of nitrogen and carbohydrate reserves 
as affected by various cutting practices during the year, especially 
in the late fall, and the effect of these reserves on plant survival. 

It was found that when growth starts in the spring, and after 
each cutting, there is a rapid decline of total carbohydrates and of 
nitrogen until a minimum is reached, after which there is a rapid 
increase. During the seasons studied, the minimum carbohydrate 
and nitrogen content was reached about 20 days after cutting. The 
maximum accumulation apparently occurred when the plants were 
about in full bloom. 

Early and freqiient cutting, as in the bud stage, appeared to result in 
a lower carbohydrate and nitrogen content of the roots when wmter 
arrived, and, conversely, infrequent cutting resulted in a higher 
content of those reserves. The differences, however, were neither 
large nor entirely consistent. Clipping every 10 days after the last 
cutting greatly reduced the nitrogen and carbohydrate reserves and 
also the stand" 
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Data were secured which seem to afford rather conclusive evidence 
that the amoxint of growth which takes place after the last regular 
cutting has a material bearing on the organic reserves stored in the 
roots before winter. If tliis amount is small the reserves are depleted 
and there is no opportunity to restore them. It appears that there 
must be at least 8 to 10 inches of growth to permit maximum storage. 

Kemoving the aftermath when growth ceased in the fall resulted 
in a lower carbohydrate and nitrogen content than was obtained by 
leaving this aftermath on the plots. 

Permitting the aftermath to reinain during the winter appeared to 
result in a more vigorous growth and an increased yield of the first 
cutting the following spring. 

The percentage of total carbohydrates in alfalfa roots at similar 
stages of growth decreased as the stand became older. 
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YIELD AND CHEMICAL COMPOSITION OF CERTAIN 
SPECIES OF GRASS' 

By J. G. Archibald, aHHintant reaearch professor of chemistryy and K. Bennett, 
research assistant in chemistry^ Massachmetts Agricultural Experiment Station ^ 

INTRODUCTION 

A search of the literature a few years ago disclosed a scarcity of 
information on the chemical composition of individual species of grass 
indigenous to the northeastern part of the United States. Such in¬ 
formation would be a valuable adjunct in solving the problem of pas¬ 
ture management, which has been receiving a greatly increased 
amount of attention in the past 5 years. Accordingly a project was 
initiated in 1930 for a chemical study of some of the common grasses 
grown as pure or practically pure stands of the individual species. 
This paper reports the results of 3 years’ work. 

EXPERIMENTAL PLOTS AND PROCEDURE 

The tract of land chosen for the grass plots is located at the top of 
a low ridge on the experiment station farm, uniformly level from 
north to south, but with a slight slope to the west. The soil type is 
classified as Merrimac fine sandy loam. The surface soil varies in 
depth from 6 to 12 inches, and is underlain by an orange-brown sandy 
subsoil grading into loose gravel at from 12 to 24 inches below the 
ground surface. Mechanical and chemical analyses of the soil are 
given in table 1. 


Table 1. — Result^H of soil analyses on a basis of air-dry sod * 


f'roflle 

Fine soil 
( 1 mm or 
less) 

Organic 

HUd 

Aolatile 

matter 

1 

Total 
j nitrogen 

Total 

phos¬ 

phorus 

Total 

I>otas- 

sium 

Total 

calcium 

Avail- 

able- 

phos- 

phorus 


■■ 

Ptrant \ 

1 Percent 

1 Percent 

Percent 

Percent 

Percent 

1 P p. m 

Surface soil. 

92 17 

5 Oft 

1 0.1.39 

0. 183 

2.01 

1 43 

1 1.54 

Subsoil . . 

90.33 

2 fi3 

1 .044 

. 030 

1 85 

1 44 

.58 


I Samples taken Sept. 2(), 1932. 

* All aet^rminations except available phosphorus were made awording to the following: Association of 
Official Agricultural (Chemists, official and tentative method-s of analysis . . Ed. 3, 593 pp., 
illus. Washington. D. C. IWKl. .Available phcksphorus was determined by Truog’s method. 

Previous to 1930 the land had been devoted for years to variety 
and yield tests on com or corn and soybeans, and the fertilizer treat¬ 
ment had been uniform for at least 10 years. 

1 Keoeived for publication Oct. 19, 1934; issued June 193,5. C’ontribution no. 205 of the Massachu¬ 
setts A ^cultural Experiment Station. ^ ^ ^ 
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determinations of crude fiber end ether extract under the direction of Phillip H. Smith, chief chemist of the 
feed insi)ection laboratory of this station, and also of the services of H. R. I>e Rose, w'ho made the iwtassiiim 
determinations under the direction of H, D. Haskins, chief chemist of the fertilizer control laboratory of this 
station. 
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The species choseA for the investigation were: 

Canada bluegrass {Poa compreaaa L.). 

Kentucky blueCTass (Poa pratensis L.)* 

Orchard grass (Dactylis glomerata L.). 

Redtop (Agrostia alba L.y 

Rhode Island bent (Agrostia capillaris L.)* 

Timothy (Phleum pratense L.). 

Sheep fescue (Festuca ovina L.). 

White Dutch clover (Trifolium repens L.). 

The series was replicated once, making a total of 16 plots. Each 
plot was VA feet wide by 62 feet long, and had an area of approximately 
one two-hundredth of an acre. Paths 1 foot wide were maintained 
between the plots with a border 3 feet wide on the margins of the 
tract. Fertilizer was not applied, as it was desired to ascertain first 
the composition of the various species grown without fertilizer other 
than that residual in the soil. The plots were seeded in the late 
summer of 1930 without a nurse crop, and kept free from weeds by 
hand work. A reasonable degree of success was attained in keeping 
the individual species pure. The attempt to secure a pure stand of 
Canada bluegrass was reluctantly abandoned after three reseedings; 
competition from other species invariably crowded it out. 

Sampling of the plots was done by means of a lawn mower with 
grass catcher attached. One swath of the mower the entire length 
of each of the duplicate plots usually provided a sufficient sample; 
in any case an identical area of the duplicates was always sampled. 
Occasionally, where patches of other species or of weeds had crept 
in, the sampling was done by the quadrat method, so that such 
areas could be avoided. The samples were taken whenever the grass 
reached a height of 3 to 4 inches, so that time intervals between sam¬ 
plings varied with species and season of the year. Whenever pos¬ 
sible a minimum of one sample a month from each species w as taken 
for detailed analysis in each of the 5 months from May through Sep¬ 
tember. Wherever rate of growth necessitated taking more than one 
sample a month, yield and moisture content only were determined 
on the additional samples. The entire plot was always mowed im¬ 
mediately after sampling. 

Samples were brought to the laboratory and weighed immediately 
after cutting. After suitable portions had been weighed out for mois¬ 
ture determination, the bulk of the sample was air-dried, then oven- 
dried at 60° to 70° C., ground in a Wiley mill, and bottled for analysis. 
The determinations made were moisture, total nitrogen, crude fiber, 
ether extract, total ash, acid-soluble ash, calcium, phosphorus, mag¬ 
nesium, and potassium. All analyses excepting those for calcium, 
phosphorus, and magnesium were made according to the official meth¬ 
ods of the Association of Official Agricultural Chemists.® Calcium 
and magnesium were determined by a modification of McCrudden^s * 
method, and phosphorus by the colorimetric method of Fiske and 
Subbarow.® 

* Ahsociation op Official Aokicultural Chemists. See footnote 2, table 1. 

< MoOrudden, F. h. the quantitative separation of calcium and magnesium in presence of 
phosphates and small amounts of iron devised E.SPBC1ALLY FOB THE ANALYSIS OF FOODS, URINE, AND 
FECES. Jour. Biol. Chem. 7; 83-100. 1910. 

* Fiske, C. H , and Subbarow, Y, the colorimetric determination of phosphorus. Jour. Biol. 
Chem. 66: 387-389 1925. 
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RAINFALL AND TEMPERATURE 

A summary of weather conditions during the growing seasons of 
1931, 1932, and 1933 appears in table 2. 


Table 2 .—Rainfall and temperature at Anihersty Masn.. during the growing seasons 

of 1931-33 


Year 

Rainfall 

Temiwrature 

April 

May 

June 

July 

August 

3^ 

U 

April 

.Sbjv 

June 

3 

*-» 

August 

Septem* 

her 


In 

! 

In 

1 

In. 1 

In. 

In. 

In. 

F. 

o p 

« F 

O p 

O p 

o p 

1931.. 

2 95 

7.44 

4.24 

3.87 

6.57 

2.50 

46.7 

.58 1 

66.7 1 

73 1 

69.6 

64 8 

1932 . . 

2.33 

l.«7 

2.62 

.3.83 

2 67 

3.96 

44 4 

57 9 

62.9 

68 9 

70.6 

62 5 

1933. 

5 (« 

l.fi9 

3 68 

2 25 

6 63 

‘ 12.34 

45.3 

60.6 

68 3 

72.3 

69.3 

1 

62.7 

Average.. 

3 44 

3 60 

3 51 

3.32 

5 29 

3.23 

45.5 

58.8 

tl6.0 

71.4 

69.8 1 

63,3 

Normal (40‘year average).. 

3.27 

3.63 

3 54 

[ 1 

4 33 

4 24 


45.8 ' 

50 8 

65.4 

70.6 

68.4 1 

61 0 


' Not included lu the averajse because the small number of samples taken in September 1933 were taken 
early in the month, before these abnormally heavy rains fell. 


fixcept for the month of April the average temperature in all three 
seasons was consistently above the 40-year normal established for 
Amherst. Rainfall varied within wide limits, but was consistently 
below normal in July of all 3 years, which was compensated some¬ 
what by copious rains in August of 1931 and 1933. 

PRESENTATION AND DISCUSSION OF RESULTS 

Summarized results of the yield and composition of the various 
grasses appear in table 3. 


Table 3. 'Surnmnrif of results of yields and analyses of the various grass speriesy 

seasons of 1931-33 








Andyses on a dry-matter bas.s 





Keta> i 

Mois- 











Sam¬ 

ples 

tive 

ture 


1 








Species of grass 

yield ] 
of dry 
matter' 

in the 
fresh 
grass 

Ni¬ 

tro¬ 

gen 

Crude 

fiber 

Ether 

ex¬ 

tract 

! 

Total 

ash 

Acid- 

solu¬ 

ble 

ash 

Cal¬ 

cium 

Phos¬ 

phor¬ 

us 

Mag¬ 

ne¬ 

sium 

Po- 

tas- 

.sitiin 


Xii m> 


j ' 

i Per¬ 

Per¬ 

Per¬ 

Per- 

Per- 

Per- 

Per- 

Pjt- 

Per¬ 

Per¬ 


her 

Pan ndn 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Kentucky bluegrass .. 

10 

92 

6S.59 

2.32 

26.31 

3.37 

9.82 

5.56 

0.49 

0.38 

0.18 

2.13 

Orchard grass. 

14 

99 

75,73 

2,66 

23.77 

4.67 

12.99 

9.27 

.60 

.68 

.29 

3. 51 

Hedtop. 

12 

104 

71.99 

2.49 

23.32 

4.10 

10.79 

6.99 

,62 

.35 

.21 

2 62 

Rhode Island bent 

15 

81 

67.65 

2.50 

22.62 

3.60 

10.36 

6.32 

♦ 75 

.38 

19 

2.23 

Sheep fescue. 

15 

100 

65.26 

2.09 

28.98 

3.19 

8 39 

4.93 

.48 

.3:1 

i .15 

1.92 

Timothy. 

12 

91 

71.68 

2.34 

21.23 

3.96 

8.74 

6.16 

.50 

.;i6 

. 15 

1 2.44 

White Dutch clover. ... 

11 

140 

83 21 

4.46 

14.82 

1 3.14 

11.66 

10.16 

t 1.61 

1 

1 .45 

.21 

i 2 24 


' Averafte of all 7 species* 100; expressed in this way because actual yields would be of no sicnificanc^. 
In certain months of the several seasons, due to the necessity of resee Jing. stands of .some of the sjjecies 
were either nonexistent or else so recently established that the growth was insufficient to sample. 
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Considerable differences are noted in the composition of the 
several species. Taking the various components in the order in 
which they appear in table 3, the following points are worthy of 
mention: 

(1) The hai*sh, wiry texture of sheep fescue is reflected in the 
lowest moisture content of the group. 

(2) There was a close correlation between the nitrogen content of 
the dry matter and the moisture content of the fresh grass, the ratio 
for all six grasses being in the neighborhood of 1:30. Unpublished 
work by the authors and results’of other investigators have shown 
that most of the nitrogen is in the form of true protein. 

It will be noted that the nitrogen content of Kentucky bluegrass 
is somewhat lower, both in actual amount and relative to the other 

§ rasses studied, than has been generally reported in the literature. 

ince this relatively low nitrogen content occurred in 7 of the 10 
samples of bluegrass some other explanation than the possibility of 
analytical error must be sought. 

It may be that the soil in question is not a type on which bluegrass 
thrives well. It has been observed in the course of the work that it 
was harder to obtain a good stand of bluegrass than of some of the 
other grasses, and that the bluegrass plots never looked as thrifty 
as did the majority of the others. It is also possible that the blue¬ 
grass did not utilize the residual nitrogen of the unfertilized soil as 
well as some of the other species were able to; that it is at its best 
when the level of fertility is relatively high. This suggestion is 
borne out by data from these same plots for the year 1934. An 
8-6-6 fertilizer was applied in the spring of 1934 at the rate of 500 
pounds per acre, with the result that the blue grass samples for that 
year showed a much higher nitrogen content than for the 3 years 
here reported, the average being 3.51 percent as contrasted with 
2.32 percent. This very considerable increase, for the time being, 
places the bluegrass second on the list in nitrogen content as an 
apparent result of fertilizer application. 

(3) It is of interest to note the correlation between the percentage 
of crude fiber and the toughness of the grass as determined by break¬ 
ing strength. Beaumont, Stitt, and Snell ® of this station report the 
following breaking strengths for some common grasses expressed 
in grams per millimeter of perimeter (average of 50 determinations): 
Timothy, 58.6; redtop, 52.9; Kentucky bluegrass, 92.6; and red 
fescue, 147.9. 

Except that the timothy had a slightly higher breaking strength 
than the redtop, these results correlate closely with the amounts of 
crude fiber reported above. Beaumont concludes that “other factors 
being favorable, toughness may be a deciding factor in palatability.'’ 

(4) The low value for ether extract in white clover is believed to 
be due to a lower content of wax in this species. Chibnall et al.^ have 
shown that orchard grass has a wax content of 1.20 percent of the 
dry matter, while the wax content of alfalfa is only 0.35 percent 
on the same basis. It seems reasonable to assume, therefore, that 

« Beaumont, A. B., Stitt, K. E., and Snell, R. 8., some factors affecting the palataiuhty of 
PASTURE PLANTS, Jour. Aflier, Soc. Agron, 25* 123-128. 

' Follaro, a., Cribnall, a. C., and Piper, S. H. the wax constituents of foraqe grasses, i. 
COCKSFOOT AND PERENNIAL RYEGRASS. Biochem. JOUF. 25: 2111-2122. 1931. 

Chibnall, A. C , Williams, E. F., Latner, a. L., and Piper, S. H. the isolation of n-triacontanoi. 
FROM LUCERNE WAV. Biochpm. JouT. 27:188.5-1888. 1933. 
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legumes as a class contain less wax than do masses, an assumption 
borne out by superficial observation. Orchard grass, which Chibnall 
found to contain a relatively large amount of wax, had the highest 
content of ether extract in the present experiments. 

(5) The acid-soluble ash of white clover constituted over 87 percent 
of the total ash, a proportion much higher than for any of the grasses. 
Orchard grass was the highest of the grasses in proportion of soluble 
ash in the total ash (over 71 percent), although timothy was close to 
it (70.5 percent). Some of the total ash was probably extraneous 
silica, due to adherent dust on samples taken in dry times or to spat¬ 
tering of soil onto the leaves during heavy rains; but since the clover 
with its pubescent leaves had an equal opportunity with the rest to 
become so contaminated, and yet showed such a high percentage of 
soluble ash in the total, it is believed that the amount of such extra¬ 
neous material was relatively small in any case. 

(0) True to its legume characteristics, the white clover had a very 
high content of calcium. Of the grasses the two members of the 
bent family, red top and Rhode Island bent, were the highest, the 
latter outstandingly so. The ratio of calcium to phosphorus in these 
two (1.8:1 and 2.0: i, respectively) is wellnigh ideal from a nutritionai 
standpoint. In this respect the white clover is probably too high 
(3.6:1), wliile the orchard graas is low^ (0.9:1)—another good reason 
for a mixture of grasses and legumes if optimum grazing conditions 
are to be approximated. Sheep fescue, Kentucky bluegrass, and 
timothy were all in the same class as regards both calcium content 
and the calcium-phosphorus ratio. 

(7) The outstanding feature of the values for phosphonis was the 
high content of it in oixdiard grass. This high value was consistent 
through all three seasons, except at the beginning of each season, 
when the value was just as consistently low. It is associated with 
relatively high average values for most of the other constituents 
determined. The form in which this unusual amount of phosphorus 
exists in the plant and its significance from a nutritional standpoint 
would be an interesting subject for investigation. 

(8) Tlie values for magnesium were quite uniformly distributed 
through a range from 0.29 percent in orchard grass to 0.15 percent 
in timothy and sheep fescue. 

(9) Orchard grass was mucliliigher in potassium than any of the 
others, the clover occupying an intermediate position, while the 
fescue was at the foot again. 


SUMMARY 

Considering the results its a whole, the outstanding features of the 
investigation are the liigh rank of white Dutch clover in almost every 
respect; the high soluble ash and phosphorus content of orchard grass; 
the liigh calcium content of Rhode Island bent; the low rank of sheep 
fescue in every respect except yield; and the rather low rank of 
Kentucky bluegrass. 
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RATE OF DECOMPOSITION OF ORGANIC MATTER IN 
NORFOLK SAND AS MEASURED BY THE FORMATION 
OF CARBON DIOXIDE AND NITRATES^ 

By Chakles E. Bell® 

Associate chemist. Department of Chemistry and Soils, Florida Agricultural 

ExperimerU Station 

INTRODUCTION 

Norfolk sand is extensively found throughout the South and is the 
predominant type of soil in Korida (2) Because of its physical prop¬ 
erties and the climatic conditions of Florida, this type of soil is not 
adapted for retaining organic matter, the addition of which, together 
with commerical fertilizers, is necessary for the production of maxi¬ 
mum crops. 

As this study was made in connection with a soil-building program 
it was thought advisable to study the comparative rate of decompo¬ 
sition of various organic materials in Norfolk sand, under different 
environmental conditions, with and without the addition of inorganic 
fertilizers and in the presence and absence of citrus seedlings. Sev¬ 
eral types of organic materials common to Florida were used, 
including both legumes and nonlegumes. Leukel, Barnette, and 
Hester (8) studied the rate of decomposition of various parts of 
Crotalarla striata, one of the plants used in the present work. 

EXPERIMENTAL MATERIALS AND METHODS 

The materials used in these experiments were stable manure and 
the plants Crotalaria (Crotalarm strmta), beggarweed {Desmodium 
tortuosim), cowpea {Vigna sinemis), and Natal grass (Trichdaena 
rosea). Tlie plants were at the seedling stage; their composition is 
given in table 1. The entire plant, including roots, was dried in an 
oven at 65® C. in order that the material might be finely ground and 
thus insure a more uniform mixture with the soil. These dried organic 
materials were added to the soil at the rate of 1 percent by weight. 

Norfolk sand (deep phase) was used throughout the investigation, 
and all soil was air dried before the materials were mixed with it and 
placed in the pots. 

> Received for publication Dec. 5, 1934; issued July 1935. Part of a thesis presented to the graduate 

faculty of the Iowa State College of Agriculture and Mechanic Arts in partial fulnllment of the requirements 
for the degree of doctor of philosophy. . . ^ « 

> During the course of this Investigation the author has discussed his problems with Drs. P. £. Brown 
and F. B. Smith of the Iowa State College, and Drs. H. W. Rupreoht and R. M. Barnette of the Florida 
Agricultural Experiment Station. For their helpful suggestions and criticisms he is grateful. 

* Reference is made by number (itaHc) to Literature Cited, p, 730. 


Journal of Agricultural Research, 
Washington, D. 0. 


Vol. 50, no. 9 
May 1,1935 
Key no. Fla.-14 


143911—35—1 


( 717 ) 





718 


Journal oj AgricuUural Research 


Vol 60, no. 9 


Table 1. —Loss on ignition and composition {percent) of organic matter added to 

the soil 


Material 

j 

Loss on 
ignition 

SiOi 

and 

sand 

N 

i 

CaO 

MgO 

PiO# 

NaaO 

KtO 

Cowpeas_ 

93.63 

1.93 

2.44 

0.78 

0.44 

0.85 

0.23 

0.91 

Crotalaria____ 

96.51 

.66 

2.37 

.50 

.33 

.86 

.20 

1.24 

Beggar weed__ 

95.33 

1.18 

1.66 

.62 

.32 

.44 

.27 

.92 

Natal grass_ 

89. 29 

7.61 

.71 

. 16 

.27 

.74 

.20 

.80 

Manure..... 

37.06 

54.91 

1.01 

.33 

.33 

2.05 

.32 

1.34 


__j»- 



The additions of all inorganic salts were calculated on a basis which 
would supply plant food equivalent to that contained in 100 pounds 
of a 4-8-4 commercial fertilizer per acre of 67 trees, or an average of 
1.5 pounds per tree. The quantity of inorganic salts added to each 
pot was in the same relative proportions, per unit area, as the quan¬ 
tity (1.5 pounds) spread around a 1-year-old citrus tree under field 
conditions. By using 1.5 pounds per tree as a basis, the amounts of 
inorganic salts required per pot were as follows: 

{ 4.79 g. ammonium sulphate 
13.31 g. superphosphate 
2.49 g. potassium sulphate 

All pots to which ammonium sulphate alone was applied received 
this material in the same quantity that it was used in the complete 
fertilizer. 

The containers used in the experiment were ordinary 4-gallon, 
glazed, earthenware pots with a %-inch hole in the side near the bot¬ 
tom. This hole facilitated drainage and allowed air to be drawn 
through the soil when the carbon dioxide in the soil air was to be 
measured. 

To 40 pounds of air-dried soil the materials shown in table 2 were 
added. 

Table 2. —Quantities {grams) of material added to 40 pounds of air-dried soil in 

the various pots 


Pot no. 


1 . 

2. 

3- 

4. 

s. 

6. 

7 . 

8 . 
9- 


\ Plus complete fertilizer. 

The materials were weighed out, thoroughly incorporated in the 
soil, and placed in pots. There was a total of 72 pots, each treat¬ 
ment bemg made in quadruplicate. Two of these series (36 pots) 
were kept fallow while the other two (36 pots) were set with two 
seedlings of Citrus (Citrus aurantium L.). One fallow pot of each 
treetnient (18 pots) was placed in the greenhouse under somewhat 


Material added 


Crotalaria. 

Beggar^weed. 

Natal grass..-.. 

Cowp^.._. 

Manure. 

Checlc, no treatment. 

/Crotalaria. 

hNH«)2S04. 

i Beggar-weed. 

(Nlf4)aS04. 

Natal grass. 

(NH4)j804. 


Quantity 

added 


181.44 
181.44 
181.44 
181.44 
181.44 


181.44 

4.79 

181.44 

4.79 

18L44 

4.79 


Pot no. 


10 .. 


Material added 


/Cowpeas. 

\(NH4)!S04.-. 

/Manure. 

\(NH4)2804.-.-.. 

(NinSaSOi (check). 

Crotalaria*... 

Beggar-weed». 

Natal grass*.. 

Cowpeas *-. 

Manure*... 

Complete ierttlieer only 
(check). 


Quantity 

added 


181.44 
4 79 
181.44 
4.79 
4.79 
181.44 
181.44 
181.44 
181. 44 
181 44 
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controlled temperature and moisture conditions^ while the other 
fallow pot of each treatment (18 pots) was placed outside the green¬ 
house under ordinary atmospheric or field conditions. One pot of 
each treatment set to citrus seedlings was likewise placed m the 
greenhouse and one outside. By following this method it was 
possible to have two series of the soil treatments (as outlined above) 
in the greenhouse and two outside, one each of these series of 18 pots 
fallow and one series set with citrus seedlings. After all the seed¬ 
lings were set, water was added to the pots in sufficient quantity 
to bring the moisture content up to 50 percent of the water-holding 
capacity of the virgin soil. This percentage of water (added as tap 



Fiuube 1.— 'Detail of a single unit of the apparatus used in collecting carbon dioxide: a. Soil pot; tube 
used for collecting the carbon dioxide and drainage; c, test tube containing N/10 solution of hydrochloric 
acid; d, KXHw absorption cylinder containing 2N sodium hydroxide; e, 5-1 aspirator bottle filled with 
water. 

water) was maintained throughout the experiment in all pots kept 
in the greenhouse. 

The method used for colli^ting the carbon dioxide was very similar 
to that employed by Turpin (^). Before the pots were filled with 
soil a 2-hole rubber stopper was fitted into the hole on the side of 
the pot near the bottom. Two copwr tubes were inserted through 
the stopper, one to be used for couectii^ drainage water and the 
other for drawing air through the soil to displace the soil air. The 
tube for collecting the carbon dioxide was bent in gooseneck shape 
with the short bend turned down (fig. 1, b) and was long enough to 
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reach to the center of the pot. Over these tubes fine rocks were 
placed in order to give good drainage channels and prevent the 
tubes from becoming clogged with soU. The soil was placed on these 
rocks. For collecting the carbon dioxide a special apparatus was 
used which would allow 5 1 of the air to be drawn through the soil 
in each pot. Figure 1 shows a single unit of the set-up used in 
this work. Two glass receptacles were placed between the bottle 
and the pot. These receptacles consisted of an 8-inch test tube and 
a 100-cc cylinder. A 2N sodium hydroxide solution was placed in 
the cylinder to absorb the carbon dioxide. The test tube containing 
N/10 solution of hydrochloric acid was placed nearest the pot. To 
collect the carbon dioxide a 5-1 aspirator bottle was filled with water, 
the hook-up completed, and the overflow regulated so as to allow the 
aspirator bottle to be emptied in 1 hour; then the flasks were taken 
to the laboratory for the analyses. A batteiy of 10 of these units 
was run simultaneously. The carbon dioxide was collected at 



Figure 2. -Set-up of experiment outside the greenhouse. 

definite intei^als and the quantity determined by the use of the 
double titration method (/). 

All pots outside the greenhouse were buried in the soil to within 
1 inch of the top and so arrai^ed as to allow the copper tubes to 
project through a wall into a pit. The short tubes were bent down 
and connnected with bottles for collecting the drainage water. The 
tubes for collecting carbon dioxide were connected with the collecting 
units in the greemiouse by the use of long glass tubes. When the 
soil was being aerated, the drainage tubes were closed, thereby 
forcing the air through the soil and displacing the soil air. Figures 2 
and 3 show the arrangement of these pots outside and inside the 
greenhouse. 











May 1 . 1985 Bate of Decomposition of Organic Matter in Norfolk Sand 721 


In determining the carbon dioxide content of the soils 22 separate 
collections were made. The results thus obtained on different dates 
were averaged by means of a moving average. In the use of the 
moving average the quantities of carbon dioxide for three consecutive 
determinations were added and divided by three. The average thus 
obtained was considered as representing the carbon dioxide for the 
middle date. This process was repeated until five periods were 
obtained for each treatment. 



Figukb 3.-“Set'Up of experiment in the greenhouse. 

EXPERIMENTAL RESULTS 

EFFECT OF SOIL TREATMENTS UPON EVOLUTION OF CARBON DIOXIDE IN 

NORFOLK SAND 

The data obtained by the foregoing process are presented in 
figures 4 to 7. A study of these data shows that the amount of CO 2 
formed in the soils to which organic matter was applied exceeded 
that produced in soils to which no organic matter was applied. The 
CO 2 evolved from soils treated with legumes exceeded, for the first 
27 days, that evolved from soils treated with Natal grass or manure, 
which" is in keeping with the results reported by Waksman and 
Tenney (7) relative to the influence of the nitrogen content of organic 
matter. The maximum quantity of CO 2 in every instance was 
evolved at the time the first measurement was made and thereafter 
diminished until, at the end of 4 months, there was an apparent 
constant rate of decomposition, and the amount was equal to that 
formed from the virgin check soil. The rate of decomposition found 
here is in accord with the results of Martin {4) and others. 
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The evolution of CO 2 in the soils kept in the greenhouse was at a 
maximum during the fimt 60 days, whereas in the soils kept under 
field conditions the maximum amount was formed during the first 
24 days. The time required for CO 2 formation to become constant 
outside the greenhouse was about half that required in the greenhouse. 
This indicates a quicker action on the part of the organisms outside 
the greenhouse, although the total action was not so great as under 
greenhouse conditions. From this it is concluded that the greenhouse 



FiotTBE 4.--Effect of various soil treatments on the evolution of C0» In Norfolk sand, In the greenhouse 
with seedlings: A. Indicated materials added alone; B, Indicated materials and (Nfi4)jS04 added; C, 
indicated materials and a complete fertiliser added. 


conditions were more favorable for complete decomposition than 
were the field conditions. 

Figure 8 represents the total CO 2 collected from the soils under 
each treatment during the entire period of the experiment. These 
curves show that generally more CO 2 was evolved^from the soils 
bearing citrus seedlings than from those left fallow and that more 
was evolved from the soils kept in the greenhouse, where optimum 
soil moisture was maintained, than from the soils outside the green¬ 
house. The addition of inorganic fertilizer caused an increased 
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total CO 2 evolution over that of the organic materials alone from 
practically all the soils containing seedling. The complete fertilizer 
and ammonium sulphate alone appeared to be of approximately 
e^ual value in this respect. Whether this increase was due to greater 
biological activity or to increased root growth, it is difficult to say. 
As there was a tendency toward a reduction in the evolution of CO 2 
from the fallow soils to which ammonium sulphate, in the greenhouse, 



Fiouke 5.~Eff©ct of various soil treatments on the evolution of CO> in Norfolk sand, in the gr^nlmuse, 
without sellings: A, Indicated materials added alone; if, indicated materials and (NHOshOi added; 
C, indicated materials and a complete fertiliser added. 


and complete fertilizer outside the greenhouse, had been added, it 
might be concluded that the increase of CO 2 from the cultivated 
soils was due to increased root growth. The inorganic fertilizers 
must have been responsible for increased root growth, the increased 
root growth possibly having a corresponding effect on the amount of 
CO 2 evolved. The addition of inorganic salts had no influence in the 
soils to which no organic matter had been added. 
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DETERMINATION OF FREE AMMONIA IN SOIL AIR 

It was thought advisable to test for ammonia formation in con¬ 
nection with tms work. Therefore^ 10 cc of a N/10 solution of hydro¬ 
chloric acid was placed in the test tube between the earthenware pot 
and the CO 2 absorption cylinder. This process was followed for a 



period of about 6 months each time the CO 2 was collected. The 
time covered in this process considerably exceeded that of the greatest 
activity of the micro-organisms, as measured by the CO 2 evolved. 

After the soil air had been passed through the acid solution, the 
acid was titrated against N/10 sodium hydroxide solution. At no 
time during this period was there any indication of loss of nitrogen 
through volatilization of ammonia. 
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THE EFFECT OF SOIL TREATMENTS UPON THE ACCUMULATION OF NITRATES IN 

NORFOLK SAND 

The best material for improving the physical or chemical prop¬ 
erties (or both) of a soil is not necessanly the one that forms the 
greatest amount of nitrates or other plant food. It is the one that 
produces nitrates at a rate only sufficient to feed the crop adequately. 
Any production in excess of this amount is subject to loss through 
leaching. Whether or not any nitrogen is made available will depend 



Figure 7.--Effect of various soil treatments on the evolution of COj In Norfolk sand, outside the gr^- 
house, without s^lings; A, Indicated materi^s added alone; R, indicated materials and (NH4)tS04 
added; C, indicated materials and a complete fertilizer added. 


in part at least on the amount of nitrogen in the plant material. 
Likewise the rate of decompoation will depend on the supply of 
nitrogen available for the organisms. 

As the growing citrus seedlings would assimilate some of the nitra^s, 
the results from the fallow pots only are presented. There being 
no drainage from the pots remaining in the greenhouse because of 
the control of the moisture content, only the drainage water 
the pots kept outside the greenhouse had to be considered. The 
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nitrate in the drainage water from these pots was determined each 
time the water was collected. The quantity of nitrate in the water 
from a given pot was added to the total quantity of nitrate found in 
the soil from that pot the next time it was sampled subsequent to the 
date of drainage. By following this method, all the nitrate could be 
accounted for and comparisons could be made directly with the quan¬ 
tity found in similar pots in the greenhouse. 

At definite intervals the soil in each pot was sampled by the use of 
a suitable borer and taken to the laboratory for analysis. Twenty 
grams of this soil were weighed, into Erlenmeyer flasks, 100 cc of 
distilled water added, and the mixture was thoroughly shaken, and 
after standing for a short time, filtered. The procedure from this 
point was that of Sclireiner and Failyer (5). As in the case of the 
carbon dioxide studies, 22 nitrate determinations were made on each 



Figure 8.—Effect of various soil treatments upon the total COj collected from the soil during tlio experi- 
nientm fwnod of 2M days: A Indicated materials added alone; B, indicated materials and (NflOaSO, 
added; C, indicated materials and a complete fertilizer added. 


soil. The method of averaging the data previously employed was 
followed in these studies. 

It appears that the percentage of total nitrogen in the material 
which is changed into nitrates m^ht be a bettor criterion of the 
value of the material than total nitrate accumulation. The curves 
presented in figures 9 and 10^ have been drawn from data obtained 
as follows: The amounts of nitrate found at definite intervals, after 
deducting that found in the respective checks, were divided by the 
actual weights of nitrogen (calculated as nitrates) added to the soil 
in the organic matter, or inorganic fertilizer. The curves show the 
actual percentage of nitrate found in the soil at certain intervals, 
which was derived only from the organic materials. 

The zero (0) line in the figures represents the quantity of nitrate 
found in the virgin soil. The curves above the zero line represent 
the percentage of nitrate accumulated from the organic-matter treat¬ 
ments alone, and the curves below the zero line represent nitrate 
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assimilation. The curves for ammonium sulphate and complete 
fertilizer show the quantity of nitrate produced from these materials 
only. The curves brii^ out the difference in the ability of the various 
types of organic and inorganic materials to produce nitrates under 
various conditions. 

The maximum nitrate accumulation in the greenhouse and in pots 
kept under field conditions occurred at different times, and the actual 
percentage of nitrogen changed to nitrates was different. Not only 



Figure 9.— Effect of various soil treatments on the formation of nitrates In the soil, outside the Mwn- 
house, without seedlings: At Indicated materials added alone; B, indicated materials and (NH4)aS04 
added; C, indicated materials and a complete fertiliser added. 

was the period of greatest nitrate accumulation more prolonged in 
the soils in the greenhouse, but the percentage of nitrogen transformed 
was also greater. The maximum transformation from all the organic 
materials in the soils kept outside the greenhouse occurred after the 
end of 3 months, while for the same treatments in the greenhouse 
maximum transformation occurred much earlier. 

When the individual materials which were kept under field <5ondi- 
tions are considered (figs. 9, 10) it w found that the rate at which 
nitrates were formed from nitrogen in the various materials, m the 
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order of decreasing percentage, was as follows: Complete fertilizer, 
ammonium sulphate, manure, cowpeas, crotalaria, beggarweed, and 
Natal grass, regardless of any additional treatment. This is what 




FiGUftB 10.~*Effect of various soil treatments on the formation of nitrates in the soil, in the greenhouse, 
without seedlngs; A, Indicated materials added alone; B, indicated materials and CNH 4 ) 2 S 04 added; C, 
indicated materials and a complete fertiliser added. 


would be expected from the nature of the materials. The only sig¬ 
nificant difference in the rate of nitrate accumulation from the organic 
materials, as brought about W the addition of inorganic salts, was 
in the case of Natal grass. This, too, would be expected since the 
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organisms would naturally utilize the nitrogen in inorganic fertilizers 
first, as it occurred there in a more avail^le form. This effect on 
Natal grass was also observed under greenhouse conditions. 

The curves representing the data secured under greenhouse condi¬ 
tions (fig. 10) indicate that the nitrogen in the complete fertilizer and 
that in ammonium sulphate were changed to nitrates at practically 
the same rate and that the nitrogen in these materials was converted 
more rapidly than that in any of the organic materials. In rapidity 
of oxidation of nitrogen the organic materials ranked as follows; 
Cowpeas, manure or cowpeas treated with the inorganic salts, cro- 
talaria, be^arweed, manure alone, and Natal grass. 

Apparently some combination of Natal grass and a nitrogenous 
inorganic material, such as ammonium sulphate, should be a satis¬ 
factory combination of materials to add to the soil, for this combina¬ 
tion showed the smallest percentage oxidation of the nitrogen from 
the organic material. 

SUMMARY AND CONCLUSIONS 

A study was made of the comparative rate of decomposition of 
various organic materials in Norfolk sand and of the effect of the 
addition of inorganic fertilizers on the rate of decomposition of these 
materials. 

The amount of CO 2 evolved and the nitrates accumulated were used 
to measure the rate of decomposition of organic matter. The CO* 
evolved from the soils treated with legumes exceeded for the first 27 
days the CO 2 evolved from the soil treated with Natal grass or manure. 
In eveiy instance the maximum quantity of CO 2 was evolved at the 
beginning of the experiment and gradually diminished thereafter. 
There was an apparent constant rate of decomposition, as measured 
by COj evolution, at the end of about 4 months, when the amount 
formed in the treated soil was approximately equal to that formed in 
the virgin soil. The period of maximum CO 2 evolution in the case of 
the soils kept in the greenhouse occurred during the first 2 months of 
the experiment, whereas that for soils kept under field conditions was 
formexl during the first 30 days. 

More C ()2 was evolved from the soils bearing citrus seedlings than 
from those kept fallow, and the greatest quantity of (^2 was produetd 
from the soil kept in the greenhouse. The addition of inorganic 
nitrogenous fertilizers increased the amount of CO 2 given off from all 
pils bearing citrus seedlings but this increase was possibly due to the 
increased root growth. 

There was no evidence of any loss of nitrogen from these soils 
through volatilization of ammonia. 

In the soils treated with Natal grass there appeared to be consider¬ 
able nitrogen assimilation. A strikii^ difference in the availability 
of the nitrogen in the oiganic materials under different conditions 
was noted. A greater percentage of the nitrogen in the organic 
materials was made available under greenhouse conditions, and this 
greater availability was distributed throughout the period of the 
experiment. 
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THE EFFECT OF GRINDING ON THE DIGESTIBILITY 
OF CORN BY PIGS AND ON ITS CONTENT OF METAB¬ 
OLIZABLE ENERGY* 


By W. P. Garrigu«, graduate student^ and H. H. Mitchell, chief in animal 
nutrition) Department of Animal Husbandry) Illinois Agricultural Experiment 
Station 

INTRODUCTION 

The effect of grinding on the value of com {Zea mays) as a feed for 
pigs has been studied mainly in feeding experiments, the results being 
measured by the rapidity and feed economy of the gains secured. 
In the United States it has in general been found, according to 
Morrison,* that for young pigs ground com is not appreciably superior 
to whole com, but for older pigs, variable percentage advantages in 
economy of gains may result from the feeding of ground corn. How¬ 
ever, a more moont summary by Crampton * indicates no advantage 
due to grinding at any weight of pig. In sharp contrast to the 
American experiments are the results of Hansson ^ in Sweden, who 
calculated from his own feeding experiments on pigs that the produc¬ 
tive value of maize was increasea by fine grinding by as much as 
15 to 18 percent. 

Such findings as are obtained in feeding experiments are the 
resultants of a number of factors, including effects of grinding on the 
digestibility of the corn, on its palatability, and, as Crampton points 
out, on its wastage at the feed trough: “Shelled corn lost from the 
feeder is salvaged by the hogs but ground feed is not * ♦ * Feed 

rooted out of the trough and lost to the pig is, of course, still charged 
to the gains made." A complete understanding of the problem, 
therefore, demands a consideration of each of these factors. 


PREVIOUS INVESTIGATIONS 

The factor most amenable to (juantitativo study, and perhaps the 
most fundamental factor of all, is the effect of grinding com on its 
digestibility. However, very little study seems to have been made 
on this point. A summary of such work as has been found in the 
literature is embodied in table 1. 

The com in Jordan’s experiment * was a flint variety. The experi¬ 
mental pig weighed about 50 pounds and received in each of the two 
digestion trials 787 g of com daily. The collection period was of 5 
days duration. 


‘ Received for publication Feb. 18,1935; issued July 1935. 

> Hknky, W. a., and Morrison, F. B. fskph and feeding; a handbook for student and stock* 
MAN. Ed. 18, 770 pp., illus. Madison, Wis. 1923. 

« Crampton, E. w. the comparative feeding values for uvestock of barley, oats, "^hjat, 
RYE, and corn, a REVIEW AND ANALYSIS OF PURU^ED DATA * * * 107 pp., UluS. Ottawa. 1933, 
(Canada Honorary Advisory Council Sci. and Indus. Research Rept. 28.) 

* Hansson, N. binfluss der verschiedbnen bereppunosweisen auf der vERDAyucHKEir und den 
FUTTERWERT DER OETREiDEARTEN. Biedcmiann’s Zcntbl. Agr. u. Rationellen lAmd^nrtscnwtsi^ 

Abt. B. Tierernfthrung, Ztschr. Oesanit. Fiitterungalehre u. Futtermittelkunde 3: 243-274. 19^. 

* Jordan, w. m. dioestibility of make kernel (cx>rn) in various forms. Maine Agr. Expt. sta. 
Ann. Rept. 188A-86: 59-04. 1888. 
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In Haberhauffe’s experiment,® the degrees of fineness of the ground 
com studied can be roughly characterized by the percentages passing 
through a 1-mm round-hole sieve, i. e., 42, 63, and 98. The two pigs 
weighed initially 87.5 kg. They received daily 4 kg of the corn 
mixed with water, except that the whole com was fed mixed with the 
coarsely ground com in even proportions. The digestibility of the 
whole com was then computed indirectly. Apparently the pigs were 
not fed or confined separately during the collection period of 7 days. 

Tablbj 1 .—Previous investigations of tf^. effects of grinding on the digestibility of 
corn when consumed by swine 


j 

Condition of 

corn ; 

Num¬ 
ber of 
pigs 

Digestion of iM)efficients obtained 

Organic 

matter 

Crude 

protein 

Crude 

fat 

Crude 

fiber 

N'free 

extract 

Whole kernels. 

1 

S3.4 

68.7 

45.6 

38 3 

88.8 1 

Finely ground. 

1 

91.2 

m 1 

81.7 

1 29 4 

94 2 J 

Whole kernels. i 

2 

89 0 

78 6 

1 61.7 

62.4 

94 7 

Coarsely ground. 

2 

90.4 

79.2 

1 7 

65. 7 

96.0 

Medium ground. 

2 

93 7 

82 4 

[ 79 0 

76.9 

96 8 

Finely ground. 

2 

94.0 

87 2 

78.7 

78 0 

97.6 


Authority and 
reference 


Jordan » 
flaberhaiifle.* 


1 See footnote 6. 


* See footnote 6. 


The experiment of Jordan in particular indicates a marked im¬ 
provement in the digestibility of corn by grinding it to a fine meal, 
possibly because a flint variety of com was used. In Jordan^s study, 
grinding improved the digestibility of the organic matter 9.4 percent, 
that of protein 25.3 percent, and that of nitrogen-free extract 6.1 
percent. The results obtained by Haberhauffe indicate less improve¬ 
ment for the finely ground meal, i. e., 5.9 percent in the digestibility 
of the organic matter, 10.9 percent in the digestibility of the protein, 
and 3.0 percent in the digestibility of the nitrogen-free extract. The 
meals of intennediate fineness show an intermediate but graded 
improvement. 

It appears from these two experiments, constituting the only 
published work on the problem, that the effect of grinding on the 
digestibility of com has not yet been precisely measured. Since the 
nutritive advantages of the grinding of corn must be balanced against 
the cost of grinding in deciding whether and when this method of 
preparing com is economical, the need of more work of this character 
seems evident. The experiment reported below is a further contri¬ 
bution to this problem. 

PLAN OF EXPERIMENT 

The subjects of the experiment were 5 Chester White barrows 
and 1 Hampshire barrow (pig 4), weighing initially from 135 to 196 
pounds. Each of the pigs received daily either 1,300 g or 1,500 g of 
com, depending upon appetite, with no other feed. The digesti¬ 
bility and metabolizable energy content of the whole corn and of 
the same corn after grinding was determined with 5 of the 6 pigs, 1 

» HABBHBAUTFS, W. CbJSB den KlNFLVflS DER ZUBBREITVNG AUF DIE VSEDAVtICBEElT DSR FUTTER- 
XTTTEX.. Jour. lAudw. 74: [191]>230. 1926. 

WOEDAN, W, S. See lootuole fi. 
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pig refusing to consume the whole corn in adequate amounts after 
a feeding period on ground corn. Three of the pigs received the whole 
com first, and three received the ground com first. In an immediately 
following period, the rations were reversed, each pig continuing, 
however, on the same amount of feed. 

Each feeding period consisted of from 14 to 17 days, during the 
last 10 days of which both feces and urine were collected. The 
animals were confined throughout in metabolism crates very similar 
in size and design to the crate described by Forbes .® The feces of the 
collection periods were separated from those of adjacent periods by 
giving ferric oxide (equal in weight to 3 percent of the morning feed) 
to the pigs on the morning of the first day of the collection and again 
on the morning of the day following the termination of the period. 
The feces were dried at a low temperature and analyzed for moisture, 
nitrogen, cnide fiber, and gross energy (heat of combustion), while 
the urines (with washings) were analyzed for nitrogen and gross 
energy. 


Table 2.— Chemical composition and gross energy value of the corn samples 


Sample of corn 

Dry 

matter 

Total 

nitro¬ 

gen 

Percent 

1.67 

1.67 

Crude 

fiber 

Gross 

energy 

Sample of corn 

1 

Dry 

matter 

Total 

nitro¬ 

gen 

Crude 

fiber 

Gross 

energy 

Whole 1. 

Percent 
88.73 
88 99 

Percent 

3.80 

3.89 

Caloriea 
per gram 
3.967 

4 033 

W’hole 2. 

Ground 2. 

Percent 
89 50 
88.90 

PercerU 

1.66 

1.67 

Percent 

3.58 

3.70 

Caloriee 
per gram 
4.025 
4.015 

1 

Orouml 1. . 


The analysis of the com samples, collected daily at feeding time 
for the two series of 10-day collection periods, is shown in table 2. 
The fineness of grinding was determined by passing portions of the 
ground com through sieves of three sizes, 12 mesh (2.1 mm), 20 mesh 
(1.3 mm), and 40 mesh (0.64 mm). Ninety-five percent of the corn 
passed through the coarsest sieve, 58 percent through the intermediate 
sieve, and 29 percent through the finest sieve. The fineness of 
grinding appears to approximate the ‘‘medium ground'' sample of 
Haberhaune® (table 1). 

RESULTS OF THE EXPERIMENT 

While the pigs were on the whole corn ration an attempt was made 
to determine what percentage of the consumed kernels appeared un¬ 
broken in the feces. By counting a 600-g portion of the corn, it was 
found to contain 350 kernels per 100 g. For each pig an aliquot of 
one-fifth of the unground feces for the collection period was carefully 
inspected and the unbroken kernels were separated and counted. 
The percentages (by number) of the consumed kernels thus recovered 
were 0.38 for pig 1, 1.10 for pig 3, 1.10 for pig 4, 0.38 for pig 5, and 
37.90 for pig 6. The outstanding position occupied by the last 
animal is noteworthy, and was probably the result of defective teeth, 
although the truth of this supposition was not confirmed. 

SFORBBS. B. B. A MBTAHOUSMCRATBFORSWINl. OWo Agf. Expt. Sta. Cifc. 152, pp. 75-«6, Ulus. 1916. 

• HABRRRAurrB, W. See footnote 6. 
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Table 3 . —Results of the digestion and the metabolism trials with whole and ground 
corn when consumed by swine 





Daily intake in food 

Coefficients of digestion 

Metabolisable 

energy 

Nitro¬ 

gen 

b^- 

ance 

per 

day 

Pig 

no. 

Body 

weight 

Condition 
of corn 

Corn 

Dry 

mat¬ 

ter 

Gross 

en¬ 

ergy 

Nitro¬ 

gen 

! 

Dry 

mat¬ 

ter 

Gross 

en¬ 

ergy 

Nitro¬ 

gen 

Crude 

fiber 

Total 

Fer kilo- 
mm of 
dry mat¬ 
ter con¬ 
sumed 


Ktt(h 

grams 


Orams 

Orams 

Calo¬ 

ries 

i‘ 

Grams 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Calo¬ 

ries 

Calories 

Orams 

1 

f 83.6 

Whole... 

1,600 1 

1,342 

6,037 

25.05 

85.1 

82.5 

66.0 

68.6 

4,847 

3,612 

-1-3.19 

\ 78.9 
/. 

Ground. 
Whole- 

1,600 

1,335 

6,049 

25.06 

87.4 

85.9 

77.2 

70.5 

5,010 

3,763 

-f4.20 

2 

1 78.6 

Ground. 

1,600 

1,335 

6,049 

25.05 

89.2 

^.6 

$3.2 

73.6 

5,153 

3,860 

‘+6. M 

3 

/ 62.1 

Whole- 

1,300 

1,163 

5,167 

21.71 

86.0 

83.6 

63.0 

77.0 

4,174 

3,620 

-f3.32 

\ 63.5 

Ground. 

1,300 

1,156 

6,219 

21.71 

87.6 

80.3 

80.0 

72.9 

4,367 

3,778 

-1-3.32 

A 

/ 67.1 
t 64.4 

Whole... 

1,300 

1,163 

6,232 

21 71 

«a4 

86.6 

78.1 

70.0 

4,407 

3,789 

-f4 01 


Ground. 

1,300 

1,167 

6,243 

21.71 

88.8 

87.2 

78.2 

r3.i 

4,422 

3,822 
3,850 

-1-4.28 

e 

/ 83.9 

Whole... 

1,600 

1,331 

6,960 

6,022 

25 05 

91.4 

89.6 

80.0 

(») 

5,124 

+4.31 

i) 

\ 86.2 

Ground. 

1,600 

1,333 

25 05 

90.4 

89.0 

85.1 

75.7 

5,126 

3,845 

+4.11 

a 

/ 89.4 

Whole- 

1,600 

1,331 

1,333 

6,960 

25. a6 

82 0 

80.0 

71.0 

46.5 

1 4,675 

3,437 

+2. 76 

n 

1 90.7 

Ground. 

1,600 

6,022 

25.05 

87.9 

86.1 

78.2 

70.9 

1 5,008 

3,757 

+4 05 


1 This sample of feces was accidentally thrown out before the crude fiber determination was made. 


The most significant results of the digestion and metabolism trials 
are assembled in table 3. It is evident from the coefficients of digest¬ 
ibility that, except for protein (nitrogen), the constituents of the 
ground com were not digested to a markedly greater extent than the 
constituents of the unground com. Omitting the incomplete results 
for pig 2, the average coefficients of digestibility of the whole corn and 
ground com were, respectively, 86.6 and 88.4 for dry matter, 84.5 
and 86.9 for gross energy, and 70.4 and 79.7 for protein. The per¬ 
centage improvement in the digestibilities were 2.1 for dry matter, 2.8 
for gross energy, and 13.2 for protein. For the four pigs for which the 
coefficient of digestibility of crude fiber was determined, the averages 
were 65.t5 for the whole corn and 71.8 for the ground corn, but if the 
atypical results of pig 6 are omitted, the averages are very nearly the 
same, i. e., 71.8 and 72.2. 

It is especially noteworthy that pig 6, which appeared to be passing 
unbroken and undigested more than a third of all whole corn kernels 
consumed, digested the whole com fairly well, except for the crude 
fiber. While grinding improved the digestibility of corn for this pig 
somewhat more than for the other pigs, the relative improvement was 
far less than would be expected from the physical examination of the 
feces for unbroken kernels, proving the latter method to be quite 
imreliable as a criterion of completeness of digestion. The apparently 
unbroken kernels must have been very lai’gely denuded of their 
digestible contents by the digestive enzymes. 

Since com is preeminently an energy food, the metabolizable energy 
values of whole and ground com are of great practical significance. 
But here also the improvement brought about by grinding is slight, 
except for pig 6. In fact, for one pig (no. 5) no improvement at all 
resulted. For all five pigs upon wWch complete data were obtained, 
the metabolizable energy per kilogram of diy matter averaged 3,662 
calories for the whole com and 3,791 calories for the ground corn, 
representing an improvement of only 3.5 percent. 
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The pigs were in positive nitrogen balance in all periods. The 
consistently greater digestibility of the protein of the ground com did 
not. however, promote consistently higher nitrogen balances, since 
witnout exception the urine from pigs on the ground com ration con¬ 
tained more nitrogen than that from the same pigs on the whole com 
ration. In one pig (no. 5) the lesser wastage of nitrogen in digestion 
on the ground corn ration was more than offset by the greater wast¬ 
age in metabolism, while for another pig (no. 3) these two tendencies 
just balanced each other. Thus, the 13-percent improvement in the 
digestion of the nitrogen of the com brought about bv grinding was 
largely lost in metabolism, a result suggesting that the digestible nitro¬ 
gen escaping digestion in the whole com represents a fraction of the 
com protein that is of low value biologically. 

SUMMARY AND CONCLUSIONS 

The relative digestibility of whole and ground com and their con¬ 
tent of metabolizable energy were determined on five pigs weighing 
from 135 to 196 pounds. 

Grinding corn to a medium degree of fineness (29 percent passing a 
40-mesh sieve, 58 percent a 20-mesh sieve, and 95 percent a 12-mesh 
sieve) increased the digestibility of the protein by 13 percent, but the 
digestibility of the gross energy of the com was raised only 2.8 percent. 
The metabolizable energy was also only slightly improved; i. e., 3.5 
percent. Furthermore, the appreciable advantage in protein di¬ 
gestibility occasioned by the grinding of com was largely lost by 
greater losses of nitrogen incurred in metabolism, so that the net 
effect on the nitrogen balance of an animal receiving an exclusive ration 
of corn was slight and inconstant. 

The net effect of grinding upon the nutritive value of com for pigs 
of the weights used in this test is to increase its value as a source 
of energy by 3.5 percent. Its value as a source of protein was not 
appreciably altered. 





STUDIES ON BEAN RUST CAUSED BY UROMYCES 
PHASEOLI TYPICA* 

By L. L. Habter, senior pathologist, C. F. Andrus, junior pathologist, and W. J. 

Zaumeyer, associate pathologist, Division of Fruit and Vegetable Crops and 

Diseases, Bureau of Plant Industry, United States Department of Agriculture * 

INTRODUCTION 

Bean (Phaseolus mdgaris L.) rust, caused by Uromyces phaseoli 
typica Arthur, occurs in widely separated regions of the IJnited States 
and has been reported from Europe, continental Asia, Japan, 
Australia, and other parts of the world. The occurrence of the 
disease in various parts of the IJnited States is extremely sporadic as 
regards both regions and years. Bean rust occurs to some extent 
almost every year in certain States along the Atlantic seaboard and 
in many States in the South. In the Southeastern States and in some 
of the Northern States, for example, in New York and Michigan, it 
usually appears in the late summer or early fall after the bean crop is 
about matured and when the danger from severe damage is over. 
In Florida, on the other hand, epidemics have occurred in the late 
winter or early spring in such severe form that the plants were defoli¬ 
ated and the crop was practically ruined. 

A study of the California, Idaho, and Colorado areas with respect 
to bean rust reveals the interesting, fact that some very striking 
climatological and ecological differences exist. Although the climatic 
conditions of Colorado and Idaho seem to be quite similar, there are 
differences sufficient to suggest causes for the occurrence of rust 
epidemics in the one and not in the other State. If California is 
included in the comparison, there are three areas that differ in regard 
to the occurrence of rust—one in which epidemics occur yearly, one 
in which they occur occasionally, and one in which rust is never or 
rarely observed. 

Climatological data have been collected for 3 years in the three 
Western States just mentioned. These data, w^hile perhaps not 
explaining fully the potentialities of the different areas with respect 
to rust epidemics, may contribute much to an explanation of their 
occurrence. 

In addition to observations on the epidemiology of the fungus, 
studies have been conducted regarding its various spore forms, their 
longevity and germination; the influence of temperature, humidity, 
and light on infection; the time required for infection; the correlation 
of weather conditions with rust occurrence and epidemics; physio¬ 
logic forms; varietal susceptibility and resistance; and contrbl and 
dissemination. This paper summarizes the results of researches 
carried on for about 5 years in the field and laboratory, particularly 
regarding phases of the problem not previously investigated or only 
incompletel y investigated by other workers. 

* Received for publication Dee. 26, 1934; iesued July 1936. ^ ..i. 

* The writers are indebted to I. C. Jagger. senior imthoJogist of this Division, who tested the suswpti- 
bllity and resistance to rust of many of the bean varieties grown at Chula \ ista, Cahf, over a period of 2 
years. 
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SOURCES OF MATERIAL 

Bean inist material has been collected or received from California, 
Colorado, Virginia, Florida, South Carolina, Tennessee, Mexico, and 
Australia. Spores from the various sources, except those obtained 
from Australia, were virulent and gave typical symptoms of the 
disease when used for inoculation. The collections from different 
areas were compared to ascertain whether there were any distinct 
biological or morphological forms. 

EXPERIMENTAL METHODS 

In studying the various phases of bean rust, such as the relation of 
temperature and humidity to infection, length of time required for 
infection, spore germination, and other phenomena, rust material 
from a single source was employed. 

Abundant spore material was maintained by culturing the rusts 
on the Pinto variety in the greenhouse. This variety is a very sus¬ 
ceptible field bean and grows well under greenhouse conditions. It 
was used almost entirely except where variety tests were being con¬ 
ducted or where a differential host was desired. The Tennessee 
Green Pod, another very susceptible variety, was used in a few 
experiments. 

In order to have at hand an abundance of rust material, plants 
were inoculated about every 7 to 10 days by atomizing them with 
urediospores suspended in water or by spreading them on the leaf 
with a camePs-hair brush. The plants were then confined in an 
infection chamber held nearly at saturation and at a temperature of 
about 18® to 20® C. for 15 to 24 hours. The temperature varied 
somewhat with the season, but the best results were obtained w^hen 
it was not above 21®. The minute, pale-colored flecks beneath the 
epidermis were the first evidence of infection under greenhouse con¬ 
ditions and appeared in about 4 or 5 days. At the end of about 10 
days the pustules opened. 


SPORE FORMS 

LIFE CYCLE 

The life cycle of the bean rust in the greenhouse calls for particular 
mention. Andrus (i)^ has previously reported on observations of 
the aecial and spermogonial stages in the development of the bean 
and cowpea rust. Uromyces phaseoli typica forms teliospores abun¬ 
dantly in the fall on beans in Colorado, and material from there as 
well as from California has been employed for most of the experimental 
work. If field-collected teliospores are germinated and then placed 
on bean leaves in the greenhouse and given suitable temperature 
and humidity conditions, fertile aecia are formed, followed after 
reinfection by the production of uredia and teliosori. On the other 
hand, a limited number of tests have indicated that if teliospores 
produced in the greenhouse are germinated and placed on the leaves 
imder conditions similar to those just described, only sterile aecia 
ore produced, even though the nectar from different aecia is mixed. 
Successful infection with greenhouse-produced teliospores was ob- 

^ I Bef^renoe Is made by number (italic) to Literature Oited, p. 758, 
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tained on only one occasion. In this case the several aecial infections 
all proved to be of the same sex and remained ste^e after transfer 
of spermatia. Because of tliis fact and the limited number of tests 
made, it cannot be said that the complete life cycle of the bean rust 
has been reproduced under greenhouse conditions. It would seem 
that if a be^nning is made with teliospores of the proper ori™ the 
full life cycle of the bean rust is possible under greenhouse conditions, 

TEUOSPORE FORMATION 

Observations have been made on teliospore production imder 
greenhouse conditions and on the variation in the ability of cultures 
of different origin to produce telioraores. Bean rust has been col¬ 
lected from various parts of the United States, and three areas— 
southern California, Colorado, and Virginia—^may be selected to 
illustrate the differences in teliospore formation. In both Colorado 
and Virginia teliospores develop abundantly in the latter part of 
the summer before the vines have been killed by frost. On the other 
hand, they rarely form in southern California, although the vines are 
killed by frost during the winter months. In an abundance of 
material from there, only 2 or 3 pustules containing teliospores have 
been found; the strain seenis to have almost lost the power to form 
teliospores. Out of many inoculations made in tlie greenhouse with 
spores from California, teliospores have never developed, while the 
production of such spores on plants inoculated with material from 
Colorado or Virginia is of common occurrence. 

In tropical and subtropical regions the preponderance of uredia 
of different rust species has frequently been noticed and has sometimes 
been attributed to the lack of recurring conditions that retard growth. 
Many theories have been advocated to explain this phenomenon. 
Ivanov {15) found that cool temperatures checked urediospore 
production and increased the development of teliospores, while 
Smith (28) concluded that abundance of soil moisture stimulated the 
development of the host and increased its resistance, as a result of 
which the fungus (Puccinia asparcLgi DC.) was retarded and forced to 
develop telia. Tliese results are contrary to those obtained by 
Sheldon {^6, 27), Stakman and Levine (29), Ward (SI), Arthur (2), 
and others, who maintain that, as a rule, whatever favors the develop¬ 
ment of the host also favors the rust. In 1928 Waters {S2) carried 
out an elaborate series of experiments designed to study the influence 
of environmental factors on the production of teliospores and ure- 
diospores on a number of hosts, including beans, and concluded that 
all rusts studied are directly dependent upon photosynthetic activity 
of the host. He states {S2, p. 209): 

Any single factor or set of factors, such as light, temperature, and moisture, 
or, as in the case of climate, a complex of these factors may so influence and do 
influence the metabolism of the host, that the fungus reacts by changing from the 
urediuial to the telial generation, or, under proper manipulation, in the reverse 
direction. 

To the writers the explanation quoted above does not seem entirely 
adequate. Bean rusts from various sources have been propagated 
in the greenhouse for about 5 years and under a considerable diversity 
of conditions. Those originating in Colorado and Virginia, where 
teliospores normally develop, produced them abundantly m the 
greenhouse. On the other hand, the strain from California has 
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consistently failed to produce teliospores under any of the conditions 
to which it has been exposed. One of the usual concepts regarding 
the behavior of rusts is that teliospore formation is more or less 
coincident with the aging of the plant and the mobilization of food 
materials for the production of spores (S). Measured by these 
standards, the bean rust should develop teliospores in California 
and in the greenhouse as well as do the rusts froni other sources. 
In a consideration of these rusts under various conditions one cannot 
ascribe to environment alone the difference in their behavior in respect 
to teliospore formation. 

Gassner (IS) observed differences in the time of teliospore fonnation 
among several species of Puccinm on cereals. Withholding mineral 
nutrients from the host and mutilating the host tissue failed to hasten 
the production of teliospores. 

Raines (25) suggested that the protoplasmic constitution of the 
fungus may be a factor in teliospore production. In experiments 
conducted by him he was able to show a variation on the part of 
Puccinia coronata Cda. (referred to by him as P, coronifera Kleb.) 
in the production of teliospores. By selecting spores from pustules 
contaimng no teliospores he was able to decrease the number of telio¬ 
spores from pustules; likewise by selecting spores from pustules 
containing teliospores he increased the number of such pustules. 
In view of these results, it is conceivable that a strain of rust might be 
developed which had entirely lost its power to form teliospores. It is 
not improbable that the rust in southern California, having been 
propagated naturally for a number of generations from the uredio- 
spores, has lost its ability to produce teliospores. The winter season 
is short, so the urediospores would have to survive only a few weeks 
to carry the rust from one crop season to the next. 

In an attempt to stimulate tehospore production, the methods 
employed by Waters (32) were tried. From the results obtained by 
the writers there are reasons to believe that there are at least two 
forms of bean rust that differ geneticaUy in the ability to form telio¬ 
spores at some stage of their development. Within the teliospore- 
producing strain the abundance of teliospores as well as the time 
when they appear may be controlled to an appreciable extent by 
altering host metabolism. 

LONGEVITY OF UREDIOSPORES AND TELIOSPORES 

A study of the longevity of rust spores has shown that the uredio¬ 
spores of some rusts will retain their viability for several months and 
in some cases for a year, and the teliospores for a longer time. The 
eyWence contributed by many investigators indicates that the via¬ 
bility of the spores is closely correlate with the temperature and 
humidity at which they are stored. In this connection it is interesting 
to note the results of Peltier (23), who found that the urediospores of 
Puccinia graminis tritici Eriks, and Henn., form III, when stored at 
humidities varying from 38 to 70 percent and at temperatures of 6® 
to 15® C., retained their viability better than when stored at higher 
temperatures. The viability was reduced appreciably when the 
spores were stored at high and low humidities. On the other hand 
Bailey (4) found a humidity of 20 to 40 percent at a temperature of 
23® to be the optimum for the storage of urediospores of P, helianthi 
.which retained their viability for 185 days under such condi- 
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tions. Hart (14) found storage of Melampsora Uni (Pers.) L4v. 
spores at a relative humidity of 40 percent and a temperature of 7® 
to be the most favorable for longevity. Lambert (19) showed that 
the teliospores of wheat rust usu^y lose their viability a few months 
after maturity, but if kept in cold storage their longevity may be 
prolonged for nearly a year. 

The investigations conducted by the writers on the longevity of 
bean rust spores are not intended to be complete. They were designed 
primarily to determine whether the spores were capable of maintain¬ 
ing their viability for a considerable length of time under what might 
be regarded as favorable conditions, and not what effect different 
temperature and humiditv conditions would have on their longevity. 

In October 1931, bean leaves with abundant rust pustules contain¬ 
ing both urediospores and teliospores were collected and stored in an 
incubator at 9° C. with the relative humidity at approximately 73 
percent. This experiment was intended to show the longevity of 
urediospores under known conditions and not the longevity of the 
teliospores, which were previously shown to germinate for a number 
of months after maturity. However, teliospores were later ger¬ 
minated on dmps of water on cover slips in Petri dishes at intervals 
of 2 weeks. This method was found suitable for the purpose. Each 
sample was kept under observation for about 3 weeks. From 50 to 
60 percent of the teliospores had germinated at the end of 207 days, 
after which no more tests were made. 

The longevity and viability of the urediospores were determined by 
a somewhat different method. Instead of testing spore germination 
in water on slides, the spores were used to inoculate bean plants in 
the greenhouse. After an initial storage period of 10 weeks, young 
plants of the Pinto variety were subjected to infection at intervals of 
2 weeks, with the result that a few scattered infections were obtained 
at the end of 26 weeks, but none after 28 weeks. These results 
indicate that bean rust might be carried over from one season to the 
next by means of the urediospores. 

(X)MPARISON OF BEAN. COWPEA, AND STROPHOSTYLES RUSTS 

The bean rust and the cowpea (Vigna sinemis (L.) Endl.) rust were 
at one time thought to be identical. Fromme (7) later proved them 
to be distinct pathogeneticallvj he also proved that there were mor¬ 
phological differences, from which ho concluded that the cowpea rust 
was a clearly distinct species and assigned it to Uromyces vignae 
Bard. A new description of the species was appended. The work 
of Fromme was so complete as to leave little doubt of the correctness 
of his conclusions. In view of that fact the discussion of the cowpea 
rust will be confined to some additional evidence acquired in connection 
with the investigations of bean rust. 

In 1929 badly rusted Blackeye cowpeas wore found powing among 
severeljr rusted beans in California, which suggestea that the two 
rusts might be identical. A series of cross inoculations were made in 
which it was found that bean rust collected from widely separated 
regions would not infect cowpeas and that cowpea rust would not 
iniect beans. Other differences were also noticed. The teliospores 
of cowpea rust germinate readily soon after maturity, whereas the 
bean rust teliospores require a rest period or germinate only sparingly 
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and feebly when first matured. The aecia of both have been pro¬ 
duced in the greenhouse. Aecia of bean rust are white; those of 
cowpea rust are yellow. Likewise the nectar of the bean rust sper- 
mogonia is white, and that of the cowpea rust spermogonia is yellow. 
Morphological differences in the teUospores pointed out by Fromme 
were also found. 

A rust with some points of resemblance to both bean and cowpea 
rusts was found on Strophostyles helvola (L.) Britt, in Virginia, not 
far from Washington, D. C., which might be referred either to 
Uromyces phaseoh typica or to^ U. phaseoli vignae (Bard.) Arthur. 
TeUospores in considerable abundance were collected, and attempts 
were made to infect beans and cowpeas, but without success. Con¬ 
versely, S. helvola could not be infected with rust from beans or cow- 
peas. It was difficult to propagate S. helvola in the greenhouse, and 
only a few plants were available for inoculation. In view of the 
limited number of inoculations, the results are to be interpreted as 
merely suggestive. Cowpeas and beans, however, were available in 
abundance for inoculation with the Strovhostyles rust. Aecia of this 
rust were developed on Strophostyles in the greenhouse by inoculation 
with sporidia from teliosporcs. The nectar and the aecia are yellow, 
and in this respect Strophostyles rust resembles the cowpea rust. On 
the other hand, Strophostyles rust resembles bean rust in that a con¬ 
siderable rest period is required before the teUospores germinate 
readily. S, helvola was not readily infected in the greenhouse with 
rust spores from Strophostyles collected in the field. The aecia were 
formed, but no other form of rust developed. On the other hand, 
the cowpea and bean rusts produce aU spore forms under greenhouse 
conditions. The writers are inclined to agree with Fromme that 
Strophostyles rust probably represents a different species from that 
found on either beans or cowpeas. 

ENVIRONMENTAL FACTORS 
KELATION OF TBMPERATUKE TO SPORE GERMINATION 

The urediospore seems to be the principal spore form involved in 
the dissemination of the bean rust and in the damage to tlie crop 
that foUows. Bean rust occurs at different seasons of the year in 
regions differing considerably in temperature and subject to wide 
temperature fluctuations, which suggests that there is some correla¬ 
tion between these factors and the presence of rust and rust epidemics. 
Temperature alone, of course, is not the limiting factor for infection, 
since there is also a niinimum of atmospheric moisture that will 
permit spore germination. In case a high humidity persists for only 
a few hours during a day, it is highly essential that the spores germinate 
in the briefest time possible if infection is to be established. With 
this thought in mind a series of experiments was designed to deter¬ 
mine the time required for spore germination, the minimum moisture 
recrement, the optimum temperature, and the temperature range. 

The urediospores of the bean rust will germinate as soon as they 
are mature. It has been noted that they may deteriorate in a short 
time after maturity and that better infection may be obtained if the 
spores are taken from freshly opened pustules than if collected from 
those several weeks old. On the other hand, if they are properly 
manipulated their virulence may be maintained for a considerable 
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length of time, as shown (p. 741). The gerxnination experiments 
were made with spores 1 to 2 weeks old taken directly from the 
pustules on the leaves. They were sprinkled thinly on a 2-percent 
potato-dextrose agar in Petri dishes and placed in incubators with 
temperatures ranging from 0® to 36® C. 

The inability to duplicate in the laboratory the conditions that 
surround the spores in nature has freauently aroused considerable 
controversy about the interpretation of tne results. The germination 
of the spores under artificial conditions cannot be interpreted as 
representing exactly what takes place under natural conditions. With 
this fact in mind, germination tests with bean rust spores were made 
with the hope that some data might be obtained that would help to 
explain the occurrence of bean rust in regions where it does not appear 
annually in an epidemic form. 

Figure 1 illustrates the germination of urediospores during a period 
of 24 hours in controlled temperature chambers. In a consideration 



Figure l.—Approximate hourly average mroeutage of urediospores of Uromyces phaseoli typica germinati ng 
duriDg a tierloa hours at constant temperatures. 


of these results it must be kept in mind that the optimum temperature 
for spore germination was considered to be that at which the largest 
percentage of spores germinated in a fixed period, in this case 24 hours. 
The germ tubes were longer on an average at the temperatures where 
the largest percentage of germination took place. 

The results show that the percentage of spore germination was not 
large at any temperature. The percentages of germination were 
arrived at by the following method: The plates were examined every 
hour and a count was maoe of the total number of spores and number 
of spores that germinated in five different fields under the microscope 
and averaged. The counts in many cases amounted to several 
hundred spores. At temperatures of 12®, 15®, and 17® C,, 
germination was evident in 2 hours and increased with the length ot 
time. In 4 hours germination had taken place over a range of tem¬ 
peratures from 10® to 31®, and in 5 hours from 7® to 35 . 
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From figure 1 it is seen that the optimum temperature for the 
germination of the urediospores, using the percentage of germination 
at the end of a given time as a criterion, is approximately 14.5® C. 
Above that optimum the percentage of spore germination decreases 
rapidly. The minimum was found to be 1.8® and the maximum 
slightly above 34.5®. 

RELATION OF TEMPERATURE TO INFECTION 

No attempt was made to determine exactly the maximum and 
minimum temperatures for infection. The optimum was found to be 
approximately 17.0® C., which is somewhat higher than the optimum 
for spore germination. Above and below that temperature the per¬ 
centage of infection decreased. At 27® no infection was obtained. 
In studying the lower range for infection, difficulties were encountered 
because the plants exhibited cons^erable injury from chilling. The 
few results obtained indicate that infection would probably take place 
at a temperature as low as the plant could endure without injury. 

RELATION OF HUMIDITY TO INFECTION 

The rapidity with which the spores will germinate and infect the 
host is of primary importance, especially in arid regions where the 
relative humidity is high enough for spore germination to take place 
for only a short time during any 24-hour period, which is usually at 
night. Frequently the humidity is high for a day or two during 
rainy periods, which rarely occur in the arid regions of the West. 
The probabihty is that, in order to cause infection in a dry climate, 
a rust spore must germinate and infect the host within a few hours. 

The results of experiments on the relation of humidity to infection 
by the bean rust show that wdthin the range of temperatures per¬ 
mitting spore germination infection took place readily when the 
plants were exposed to a relative humidity of 96 percent or higher. 
At a relative humidity of 95 percent the percentage of infection was 
somewhat reduced, and at lower humidities no infection took place, 
irrespective of time. These results agree closely with those obtained 
by iromme (5), Lauritzen {21)^ and others. 

Data were likewise obtained on the drying of the foliage after 
atomizing with rust spores and on the effects of air movement on 
infection. It was found that infection readily took place when the 
moisture was allowed to evaporate from the leaves immediately after 
the application of spores to the plants, provided the plants were 
placed in an infection chamber with a saturated atmosphere. If, 
however, the dried plants were subjected to a relative humidity of 
96 percent, no infection resulted or the amount was considerably 
reduced. An examination of plants held under these two conditions 
showed that in the one case moisture had condensed on the foliage 
and in the other it had not. 

If plants are confined in a chamber at a relative humidity of 96 
percent, with moisture already present on the foliage, it is possible 
for infection to take place before the droplets on the leaves have 
evaporated. Air movement also plays a part here. The above results 
were obtained without any artificial air movement. If the air is kept 
in eirpulation by means of a small fan blowing over the foliage, no 
infection takes place at 96 percent relative humidity. This can be 



May 1 , 1985 Bean Bust Caused by Uromyces phaaeoli typica 745 

explained by the fact that the moisture on the leaves has evaporated 
before penetration takes place. On the other hand, in an atmosphere 
of 98 percent relative humidity or higher, air movement did not reduce 
the amoimt of infection. 

RELATION OF UGHT TO INFECTION 

The foregoing experiments, deseed for another purpose, did not 
lend themselves readily to a thorough investigation of the effect of 
light and liigh humidity on infection. A series of experiments was 
therefore designed in wliich young, vigorously growing plants were 
atomized with spores suspended in water and immediately placed in 
the infection chamber with a saturated atmosphere and subdued light. 
At daily intervals for a period of 6 days, several pots containing three 
plants each were removed from the infection chamber. Attempts 
were made to compare the intensity of the light within the chamber 
with that outside, but no satisfactory method was found, so this 
undertaking was finally abandoned. The infection chamber was 
placed in the greenhouse so that the temperature within it would 
approximate that on the outside where the plants were placed after 
their removal. In one series of experiments the door of the infection 
chamber was opened 24 hours after inoculation so that the humidity 
within would be about the same as that outside, where the plants 
were to be placed at the end of each removal period. In another 
experiment the door of the infection chamber was kept closed and 
the humidity high, and the plants were removed from it at intervals 
to another chamber differing only in being uncovered and thereby 
supplied with the normal amount of light. 

Without detailing the results of these several series of experiments, 
it may be stated that they all pointed to the one general conclusion— 
that any abnormality in the functioning of the host is accompanied 
by delayed or reduced infection. Although normal infection was the 
ride after an exjiosure for 24 to 48 hours in an infection chamber, 
regardless of the light intensity, beyond that length of time not only 
was the percentage of infection reduced but the development of the 
pustules was noticcablv retarded. 

On plants removed from the dark infection chamber after 72 hours 
pustules developed about 24 hours later tlian on plants removed after 
48 hours. In general tliis was true for each succeeding 24-hour period 
up to the end of 6 days, when the experiment was terminated. After 
about 48 hours in the infection chamber the plants began to show 
the results of this unfavorable environment by a slight yellowing of 
the foliage which became more pronounced as time went on. At the 
end of 6 days the plants were badly etiolated and some were wilted. 
Plants kept in the chambers for 5 or 6 days rarely recovered, and the 
percentage and rate of development of the rust pustules were corre¬ 
spondingly reduced. Plants confined for a shorter time in an environ¬ 
ment of reduced light usually recovered, but the development of the 
sorus was correspondingly oelayed. These data indicate, as other 
investigators have pointed out, that an environment unfavorable to 
the host is likewise unfavorable to the rust parasite. 
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TIME REQUIRED FOR INFECTION 

Since humidity is vital to the germination of the spores and infec¬ 
tion of the plant, its relation to the time reqiiired for germination 
and for infection to take place becomes increasingly important. In 
general, under field conditions there are comparatively lew consecu¬ 
tive hours with a humidity of 95 percent or more, as figures 2, 3, 
and 4 show. (These charts, showing striking differences m climatic 
behavior, were selected as typical of the regions during the bean¬ 
growing season when nist infection would normally take place.) 
The fewer the hours required for infection the better is the chance 
for the rust to become established. In certain regions rains are 
frequent and dews are of almost daily occiurence, both of which con¬ 
tribute to the case of establishing the disease. In the case of either 
dews or rains moisture would probably be deposited on the foliage 
for a sufficient length of time to permit germination of the rust spores. 



On the other hand, in Colorado, for example, rains are infrequent 
and dews are rare, and the humidity is relatively low except for a 
few hours at night. It is in such regions that the outbreak of bean 
rust in an epidemic form cannot so easily be explained. 

Controlled experiments conducted in an infection chamber under 
greei^ouse conditions have been employed to determine the time 
required for infection to take place. The humidity of the infection 
chamber was held as near to saturation as possible, and in practically 
all cases there was a deposit of moisture on the foliage of the plants 
and on the walls of the infection chamber. The temperature varied 
somewhat but was held within the range favorable for infection. 
Vigorously growing yoimg Pinto bean plants were atomized on both 
the upper and lower surface of the leaves with a water suspension of 
spores taken from young rust pustules. Tliey were immediately 
placed in the infection chamber, which was covered in order to reduce 
the intensity of the sunlight. In duplicate experiments, two pots 
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with 2 to 4 plants each were removed at definite intervals from the 
infection chamber and placed in the greenhouse, where the tempera¬ 
ture was approximately that of the infection chamber. The relative 
humidity of the peenhouse varied from 47 to 63 percent, so that the 
leaves dried in about 10 to 15 minutes after removal. 

The results showed that no infection took place on plants removed 
from the infection chamber 2 to 6 hours after inoculation. Only very 
few pustules were formed on plants held in the infection chamber for 
8 hours, but there was an appreciable increase at 10 hours. \^en the 
plants were in the chamber 12 to 18 hours infection was severe, and 
the results indicate that this length of time represented about the 
optimum. An important point in connection with the data is that 
under favorable temperature conditions some slight infection takes 
place within 8 hours. 

It was noted also that after confinement of the plants in the infec¬ 
tion chamber for 20 hours or more the percentage of infection was less 



KiorRE 3 —Temperature aud relative humidity at Twin Falls, Idaho, over a period of 1 week, typical 
of the area during the lieau-growing season when rust infections would normally take place. 

than after confinement for 12 to 18 hours. The decrease in the 
percentage of germination on plants confined in infection chambers 
for more than 18 hours is probably closely correlated with the 
condition of the plant. 

Arthur (S), Ward {30), Raines {3S), Stakinan and Ijevine {39), 
Peltier {34), and others have emphasized the fact that there is a close 
relation between the vigor of the host and rust infection of cereals. 
In our experiments the plants were kept in subdued light for the 
entire lei^th of the incubation period and in an almost saturated 
atmosphere, both conditions being abnormal. In con8equen<^ the 
reduced photosynthetic activities that prevailed were reflected in the 
vigor of the plant, and with this was associated a reduction in the 
percentage of infections. 
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CORRELATION OF WEATHER CONDITIONS WITH RUST 
OCCURRENCE AND EPIDEMICS 

The bean rust epidemic in the Greeley, Colo., section in 1927 was 
the most severe that has been reported for the bean crop. Almost all 
the susceptible varieties were entirely destroyed, and those that were 
only partially resistant were badly damaged. On the other hand, no 
reports are known of rust ever occurring in southern Idaho. The 
situation in Colorado and Idaho is in sharp contrast to that in the 
coastal section of southern California, where rust epidemics occur 
every year. The question naturally arises. What are the conditions 
that result in a rust epidemic occasionally in Colorado, never in 
Idaho, and yearly in southern California? Probably because of the 
many factors involved, the question cannot be answered with cer¬ 
tainty, but both temperature and humidity doubtless play important 
parts. Any data collected are seemingly too incomplete to account 
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Fioubk 4.—Temperature and relative humidity at Chula Vista, ('alif, over a iieriod of 1 week, typical 
of the area during the bean-growing season when rust infections would normally take place. 


for the exceptions and variations from season to season and between 
regions widely separated geographically. The source of the inoculum, 
the condition of the host, and favorable temperature and humidity for 
germination of the spores are doubtless important factors that con¬ 
tribute to the initial infection. Conditions favorable to the produc¬ 
tion of a second and probably a third generation of spores would per¬ 
haps be required to multiply them in sufficient numbers to create an 
epidemic. Experiments have shown that 8 to 10 days are required 
from the time of inoculation for urediospores to mature. On this 
basis about 3 weeks would be required to spread the infection suffi¬ 
ciently to constitute an epidemic. If, however, the proper environ¬ 
mental conditions, such as temperature and humidity, did not coor¬ 
dinate with spore dissemination, succeeding generations would fail 
and no epidemic would materialize. The conclusion is probably 
warranted, that during those years when no rust occurs or when it 
occurs only to a limited extent the chain of favorable conditions for 
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multiplication and dissemination of the spores is broken sometime 
during the summer, before the infection reaches the epidemic stage. 

With the hope of obtaining some information on the epidemiology 
of bean nist, constant temperature and humidity records were taken 
during the summer months of 1929 and 1930 at Greeley, Colo. (fig. 2), 
Twin Falls, Idaho (fig. 3), and Chula Vista, Calif, (fig. 4). As inac¬ 
curate as such records conceivably may be, certain facts are revealed 
that may contribute to a partial explanation of why the three areas 
differ so markedly vnth respect to the occurrence of bean rust. 

Controlled experiments have shown that the urediospores of the 
bean rust infect best at a temperature of about 17® C. It was also 
demonstrated by similar experiments that no infection takes place at 
a humidity below 95 percent, the optimum being near saturation. To 
insure infection it was necessary to hold the plants under these condi¬ 
tions for at least 8 hours, and from 12 to 18 hours or longer were 
required for optimum results. With these facts in mind, it is interest¬ 
ing to comijare the three hydrothermographic chart records (tigs. 2, 
3, and 4) with respect to daily temperatures and relative humidities. 
Tliese charts record the results for only a single week, but they were 
selected from a large number as typical of the three areas and indicate 
differences that are more or less constant. 

It will be seen that in southern California (fig. 4) the proper tem¬ 
perature and humidity requirements for spore germination and for 
infection occur daily. At night the humidity approximates satura¬ 
tion for 8 to 12 hours, and the temperature is at the optimum for 
rust infection. A fog regularly sweeps in from the sea during the 
night and often remains until 9 or 10 a. m., and during this time the 
foliage is wet. Under such ideal conditions bean rust infection 
occurs regularly every year, even though rains rarely occur during 
the summer months. Quite different conditions prevail in southern 
Idaho (lig. 3), except that, as in southern California, summer rains 
are rare. The temperature is high in the daytime, but at night it is 
within the optimum for infection. Figure 3 shows that, while the 
relative humidity may reacdi 95 percent or more for a very short 
time during the night, it does not last long enough to allow the spores 
to germinate and infection to take place. An analysis of figure 3 
with respect to temperature and relative humidity would suggest 
that bean rust would probablj^ never become established in southern 
Idaho. 

The record for Greeley, Colo., falls between those of Chula Vista, 
Calif., and Twin Falls, Idaho. Rain may occur at any time during 
the growh^ season, although long rainless periods occur every 
summer. The usual night temperatures are optimmn for infection, 
but the relative humidity is extremely variable at night and usually 
is not high enough to permit infection, although it may occasionally 
occur. Such high humidities might be expected now and then to 
correspond in the matter of time wdth the dissemination of the rust 
spores. The occasional high humidities, together with rainy periods 
lasting several days and coming at just the proper time, might account 
for the occasional epidemics of bean rust in that area. 

The absence of a primary source of spore material can hardly be 
regarded as a limiting factor. Neither can the abundance of spore 
material insure a rust epidemic the following year. It is the practice 
in Colorado to stack the bean straw after threshing, feed it to sheep, 

143911—85-3 
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or scatter it on the fields. In 1928, after the epidemic of 1927, 
abundant spore material was found in the straw stacks throughout 
the area. Teliospores were abundant in the straw and were viable 
into the summer of 1928. Yet in 1928 there was only a slight amount 
of rust, distributed more or less locally, which suggests that the 
proper environmental conditions did not occur or that they were not 
correlated with the generations of rust development. 

VARIETAL SUSCEPTipiLITY AND RESISTANCE 

Data on the susceptibility of beans to rust are contained in publi¬ 
cations by Fromme and Wingard (8, P), Morse,^ Gassner {11), and 
Jordi {16). Fromme and Wingard inoculated in the field and green¬ 
house a large collection of varieties and determined their relative 
susceptibility by using the Tennessee Green Pod, one of the very 
susceptible varieties, as a standard for comparison. Morse lists a 
number of varieties with respect to their susceptibility to rust in 
Maine. Gassner carried out inoculations in South America and 
found considerable difference in the susceptibility of varieties. 
Jordi took field notes on 5 pole varieties in Europe and found 4 to be 
very susceptible and 1 quite resistant. 

bromine and Wingard adopted the scheme of grading the Tennessee 
Green Pod 100 percent susceptible and comparing other varieties 
with it. Those showing greater susceptibility than the Tennessee 
Green Pod were graded proportionately above 100, and those less 
susceptible were graded correspondingly less. 

In the cotirse of investigations of bean rust and other bean diseases 
the writers had occasion to make a large collection of domestic and 
foreign varieties with the hope that some of them might be of suitable 
type and show sufficient resistance to rust and other diseases to be 
used as parents in the production of resistant strains. Many lots of 
seed were received from China, Union of Soviet Socialist Republics, 
Germany, Mexico, Chile, Venezuela, Rhodesia, Uganda, Puerto Rico, 
Iran, Japan, and Guatemala, through the Division of Plant Explo¬ 
ration and Introduction, Bureau of Plant Industry, United States 
Department of Agriculture. Most of these varieties were unidenti¬ 
fied as to name but were designated by a serial number. Many lots 
were received independently from foreign countries and were often 
mixed and unnamed. All these were tested for rust resistance. 
The experiments on susceptibility of most of the domestic varieties 
were carried out in two localities, namely, in the greenhouse at 
Washington, D. C., and in the field at Chula Vista, Canf., where rust 
epidemics occur annually. While artificial inoculation was practiced 
once or twice in the field tests, it was not generally necessary. Since 
the season in California is sufficiently long to grow two crops, one 
test was made in the spring and one in the fall. Greater infection 
occurred in the fall than in the spring. The data from the field and 
greenhouse experiments are shown in table 1. 

Many of the varieties tested by Fromme and .Wingard were in¬ 
cluded in the present collection. The results on the whole agreed 
very closely, although their tests were made under somewhat different 
climatic conditions. 

♦ States Dstartmsnt of Aqricvltvrb, Burxau of Plant Industry, rust caused ry 

^MTCRS AFPENDICULATUS. U. S. Dspt. Agr.. BuT. Plftnt iDdus. Plant Disease Bull, 2:174. X918. 
IMimaogTRpoed. j 
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Another system of jading resistance and susceptibility has been 
employed, that of Jordi, which consists in arranging the varieties in 
a scale from 0 to 10, immune varieties being graded 0, the most 
susceptible 10, and intermediate forms between these two extremes. 
The Kentucky Wonder was used in California as a standard of com¬ 
parison because of its extreme susceptibility to rust. On the other 
hand, the Pinto was used mostly in the greenhouse tests at Wash- 
in^on, D. C. 

The susceptibility or resistance of the varieties from foreign sources 
was determined by greenhouse inoculation. Where it was possible 
to segregate the mixtures according to color, shape, and other charac¬ 
ters of the seed, infection experiments were conducted. In cases where 
the samples could not be identified with certainty, the results are not 
recorded in the table. Suffice it to say that practically all the uniden¬ 
tified foreign lots showed some degree of susceptibility. 


Tabi.e 1. —Beati varieties arranged according to degree of rnsi susceptibility under 
field conditions tn southern California^ together with infection ratings in green’- 
house tests at Washington^ D. C. 


Infection mttn;; > 


Infection rating < 


tiroup. susceptibility, 
and variety 


Field 
results » 


ilreien- 
house 
results * 


Group, su^^ceptibility. 
and variety 


Field 
results * 


Green¬ 
house 
results * 


Field beans. 

V>ry susceptible 
California Pink. 

ralifomla Red . 

Pinto . . 

Red Mexican. 

Blue Pod Small White. 
Large White . . 

Great Northern . 
Michigan Pea _. . . 
Moderately susceptible 
Genuine Small W'hite 
Tepary (Phnneqlvjs acu- 
ttfoliun IntffoHwt Free¬ 
man)... . . - . 

Robust 

Slightly susceptible: 

Bayo ... 

White Kidney. . 

Brown Swedish. .. ... . 

Red Kidney.. 

Yellow Eye. 

Large White Marrow... 
Cranberry.. 


10 

10 

10 

10 

tt-IO 

9-10 

7-10 

7-9 

0 8 


0-7 

5 


•Z~4 

li 

2-3 

2,3 

2 

t-2 

0 


Garden beans: 

Very susceptible: 

Kentucky Wonder 

(brown^seeded). 

McCaslan. 

Tennessee Green Pod — 
Moderately susceptible: 
Striped Creasback 

(Scoti^. 

Golden Cluster Wax.. .. 

nder 

Wax.' 


Kentucky Wo: 

(white-seeded).. 
Kentucky Wonder 
Dutch Case Knife. 


10 

8-10 

7-10 


0-8 

0-7 

.V7 

0 

4-6 


9 
9 

10 
9 
9 
9 
9 
8 

9 


0-10 

9 

5 

3-8 

7 

*7 

0 


10 

io 


9 

4-7 

3-0 

2-0 

9 


Garden Beans—Continued 
Slightly susceptible: 

Buri^ee Brittle \Vax — 

Burpee White Wax. 

Fordhook Favorite. 

French Horticultural ... 
ImprOvecl Kidney Wax.. 
l.x)w Champion.,... .. 
Rust Proof Golden Wax.. 
Late Stringless Refugee.. 
Keeney Rustless Wax— 

Hodson Wax. 

Longfellow. 

Red Valentine.. 

Bountiful. 

Black Valentine.. 

Burpee Stringless Green 

Pod __ - 

Currie Rust Proof Wax . 

Pull Measure. 

Pencil Pod Black Wax... 

Refugee Wax. 

Ward well Kidney Wax .. 

Black Wax .. 

Davis White Wax .. . 
Giant Stringless Green 

Pod.-. 

King Mammoth Horti¬ 
cultural. 

Refugee lOOO-i. 

Sure Crop Wax_ 

Canadian Wonder. 

Low Chanmion Bush— 
Improved Golden Wax... 
Long Yellow Six Weeks.. 

Mohawk... 

Refugee (extra early).... 
Round Pod Kidney Wax. 

Lasy Wile. .. . 

Weber Wiw. 


3 

3 

2 

2 

2 

2 

2 

2 

1-2 

0-4 

0-4 

0-4 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-2 

0-2 

0-2 

0-2 

0-2 

0-2 

0-1 

0-1 

0-1 

0-1 

0-1 

0-1 

0-1 

0 



On scale of 1 to 10. 

* Brown^'Se^ed Kentucky Wonder, graded 10, used asstandard of comparison. Notes by I. O. Jagger. 

* Pinto, graded 10, used as a standard ofcompariaon. Notes by C. F. Andrus. 
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In general there was appreciable iniury to the varieties when the 
rust reaction was scored 5 to 10, but litle or none when scored below 5. 
Probably varieties scored below 5 would be expected to suffer from 
rust only when exposed to very severe and heavy infection. A score 
of 1 indicates that a trace of rust was perceptible only on close 
examination. It has been foimd that the most resistant varieties 
may be expected to show a trace of rust under very favorable 
conditions. 

A careful examination of table 1 shows that, out of a total of 61 
varieties listed, only 19 show uhder field results a degree of suscepti¬ 
bility that would be regarded as positively destructive; 7 of these are 
pole varieties, 11 field beans, and 1 (Tennessee Green Pod) a bush 
bean. 

The percentage of highly susceptible varieties among the so-called 
field and pole beans (field results) is relatively high. Among the pole 
beans only 2 varieties (Lazy Wife and King Mammoth Horticul¬ 
tural) showed any marked degree of resistance, while 7 out of 18 
field bean varieties would be considered sufficiently resistant to 
recommend for growing in localities where rust epidemics occur. 

Twelve varieties of lima bean (Phaseolus lunatus macrocarpus 
Benth.) grown in the United States and obtained from commercial 
sources, 1 variety from China, and 2 from Japan were tested for rust 
resistance by inoculation in the greenhouse, with the following 


results: 

Variety * Hating 

Carpenteria....-...-. 8 

Challenger. 8 

Dreer- -- 8 

Early Leviathan-- 8 

Emerald Isle.-- 8 

Evergreen....... — 8 

Fordhook.. 8 

Henderson. 2 

King of the Garden .... 8 

Sieberts.—... 8 

Sieva- 2 

Wood Prolific. 2 

28805 (from Japan) *- 3 

28807 (from Japan) «. 3 

29067 (from China) «. 2 


All the domestic varieties except 3 (Wood Prolific, Sieva, and 
Henderson) are graded 8 in susceptibility and therefore fall in the 
class of very susceptible varieties. Considerable damage to most 
of the varieties inignt be expected when they are grown m localities 
where rust is likefy to develop. The three lots or varieties from 
foreign sources showed considerable resistance to rust, as their ratings 
of 2 and 3 indicate. 

PHYSIOLOGIC FORMS 

The investigations on bean rust indicated a considerable difference 
in the relative susceptibility and resistance of different varieties. 
Some were extremely susceptible, and urediospores were abundantly 
formed in the sori. In the case of susceptiole varieties a ring of 
secondary sori, and frequently even a third ring, develops outside the 

« seed of the 12 domestic varieties was obtaioed from commercial sources. The writers have used 
the trade names without reeard to possible synonomy. 

• Seed obtained from D. N. Shoemaker, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
^ FJant Industry. 
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primary sorus, so that a spot of considerable diameter finally results 
on both the upper and lower surfaces of the leaf. On the other hand, 
in partially or almost completely resistant varieties, abortive sori, 
their size and extent depending on the degree of resistance of the host, 
are produced, in which few or no spores develop. Such abortive sori 
are often almost invisible to the unaided eye. The fungus penetrates 
the host tissue generally, growing through the leaf and forming a 
lesion on both the upper and the lower surface. The epidermal cells 
are killed and collapse, so that a sightly sunken area is formed on the 
surface. In^ some cases the infection spots suggest a corrosion of the 
epidermis with later collapse of the epidermal cells. A few spores 
may be formed on the lower leaf surface but rarely in the dorsal lesions. 

In testing the resistance and susceptibility of beans to rust several 
German varieties of the Kentucky Wonder type were inoculated with 
a rust from southern California and with one collected in the vicinity 
of Washington, D. C. Only sterile abortive flecks developed on some 
of these varieties, showing that they possessed considerable resistance. 
However, a few scattered, normal, sporulatmg sori were found on 
practically all the plants of the resistant varieties. These sori were 
typical of those found on plants of susceptible varieties, from which 
it was concluded that two physiological forms of the bean rust com¬ 
posed the original culture, one being present in an extremely small 
proportion. For the sake of clarity the parent culture was designated 
form 1 and the rare culture form 2. Form 2 was isolated by the 
inoculation of additional plants of the same varieties with spores from 
the normal sori, and the results were compared with the results of the 
parallel inoculations with form 1. Form 2 gave good infection, with 
the production of normal spore-producing sori, while form 1 gave the 
usual flecking and a few normal sori, which persisted probably as a 
contamination of the parent culture. These experiments were 
repeated several times with the result that the difference in virulence 
of the two forms was maintained throughout. 

Form 2 was isolated from bean rust material from two widely 
separated places—California and W ashington, D. C. The two origi¬ 
nal cultures are pathogenetically alike when inoculated on the same 
varieties of beans, but there are reasons to believe that they differ 
genetically. The rust of California origin does not include the telial 
stage and therefore must have been without sexual reproduction for 
at least many generations. On the other hand the rust culture 
collected in the East normally produces telia both in the field and 
under greenhouse conditions. It appears, therefore, that both forms 
1 and 2 are represented by teliospore-producing and non-teliospore- 
producing strains. In other respects the two forms appear to be 
morphologically alike. 

The data recorded in table 2 call for some explanation. Kentucky 
Wonder Wax, white-seeded Kentucky Wonder, and brown-seeded 
Kentucky Wonder are domestic varieties and are cultivated exten¬ 
sively in different sections of the United States. The green-podded 
Kentucky W onder varieties grown in the United States are qmte sus¬ 
ceptible to rust; although the one with white seed was claimed to be 
resistant in California, it was found not to be when subjected experi¬ 
mentally to rust infection. On the other hand the Kentucky W onder 
Wax was extremely variable, some plants being almost immune to 
form 1, while others were susceptible. All plants were very sus- 


754 


Journal of Agricultural Research 


Vid. so, no. 9 


ceptible to form 2. The data from this variety would indicate that 
it IS not a pure line, or at least not entirely fixed so far as its relation 
to rust infection is concerned. 


Table 2 . —Host reactions of certain pole beans of the Kentucky Wonder type to 
physiologic forms 1 and 2 of bean rust 


Variety 

Form 1 

Form 2 

ChWacterization 

Rating ^ 

Characterisation 

Rating > 

Basketful. 

Susceptible. 

10 

Susceptible. 

10 

Emtebriuger (Phaenomen).. 

.do. 

10 

.do. 

10 

(PhftenoTPen)... 

Resistant. 

2 

.do. 

10 

Kentucky Wonder (brown-seeded). 

Susceptible. 

10 

. ...do. 

10 

Kentucky Wonder Wax . ____ 

Variable. 

2-10 

.do. 

10 

Kentucky Wonder (white-seeded). 

Meisteratuck. . . 

Susceptible. 

Resistant. 

10 

2 

.do. 

_.do.. 

10 

10 

Meisterstuck (selected) .. _ _ 

Susceptible. 

10 

— do.. 

10 

Phaenomen.-. 

Resistant.. 

2 

. ..do. 

10 

President Roosevelt.. 

Susceptible. 

10 

_do.- -- . . 

10 

Schlachtschwert (original)... 

Varianle. 

2-10 

.do. 

10 

Schlachtschwert (selected). . 

Resistant. 

2 

.do. 

10 

Do..... 

Variable .. _ 

2-10 

... do__ 

10 

Do.. . 

Susceptible.. 

10 

.do. 

10 

World Wonder..... . 

Resistant. 

2 

do. 

10 

Do. 

Susceptible . 

10 

... -do. 

10 

Zeppelin Giant.. 

Resistant. 

2 

_do.. 

0 

Zeppelin Mulstopper____ 

.do.. 

2 

...do 

10 


1 Varieties graded 0 or 1 are practically immune; those graded 10 are very susceptible 


An examination of table 2 shows several of these varieties to be 
almost entirely immune to bean rust form 1 and very susceptible to 
form 2. The results with World TVonder and Schlachtschwert call 
for special comment. The World Wonder was received in two lots; 
one lot shows decided resistance and the other a hiph degree of 
susceptibility to form 1, while both are veiy susceptible to mrin 2. 
Schlachtschwert is even more interesting, since the original lot 
contained seed that produced plants varying from 2 to 10 in sus¬ 
ceptibility to form 1; no resistance was apparent to form 2. This 
variety has been cultivated for a few years and selections have been 
made from it on the basis of marketable type. Out of these selec¬ 
tions there were obtained 1 strain resistant and 1 susceptible to form 2 
and 1 that varied from 2 to 10 in susceptibility. This variety appar¬ 
ently is not genetically fixed wlien its tolerance to rust infection is 
considered. 

Form 2 appears to be the more virulent strain and readily infects 
varieties that are partially to almost completely resistant to form 1. 
Form 1 apparently is the more widely distributed strain and greatly 
predominates in mixtures of the two. 

After most of the studies with the two rust forms had been com¬ 
pleted, an occasional plant of the KentucW Wonder Wax was found 
to resist infection by both forms I and 2. The seed from the resistant 
plants were saved and multiplied. Additional inoculations with both 
strains of rust demonstrated the existence of an inherent resistance 
and not, as might be at first suspected, a failure to obtain infection. 

No attempt has been made to exhaust the possibilities of physioloric 
forms. The writers feel that additional lorms could probably oe 
isolated if collections of rust were made from widely separated regions 
<4 the world and tested on a number of differential hosts. A Targe 
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number of forms have been reported for cereal rusts (5), and it is 
not unlikely that additional forms occur on the bean. 

RUST CONTROL 

In respect to the problem of prevention and control, bean rust is 
not unlike rusts of other crops. It is prevalent when conditions are 
ideal for its development, and it is difficult to control except by the 
planting of tolerant or resistant varieties or by the development of 
resistant strains by breeding and selection. 

Investigations on the control of rust by the use of fungicides have 
been numerous. Kellerman (17), Pammel {22), Galloway (10), and 
others carried out spraying experiments for the purpose of controlling 
stem rust of oats and leaf rust of wheat, oats, and barley, but with 
little success. More recently several investigators, among whom 
may be mentioned Kightlinger (18), Bailey and Greaney (5), Lambert 
and Stakman (20), and Greaney (13), have attempted cereal rust 
control bv the use of sulphur dusts. The results on the whole have 
been fairly consistent in demonstrating the effectiveness of sulphur 
in preventing rust infection. The decrease in the percentage of rust 
was accompanied by a corresponding increase in yield. Different 
methods of application were employed, and the general conclusion 
seems to be that the rust could be controlled if a practical method of 
applying the dust could be devised. The time of application with 
respect to infection and rains was found to be important. 

GREENHOUSE EXPERIMENTS 

The possible value of dustings with sulphur compounds to control 
bean rust, as shown by preliminaiy field trials, suggested the desir¬ 
ability of carrying out experiments in the greenhouse, where condi¬ 
tions such as temperature and humidity could be controlled ade¬ 
quately. It was also believed that the results of such trials might 
be useful when an opportunity w^as afforded to conduct additional 
field experiments. After inoculation the plants were confined in an 
infection chamber, the temperature of which was held within a range 
previously shown to be most favorable for infection. The humidity 
was held near to saturation. Commercial products known as Kolo- 
dust and flowers of sulphur were used, and no difference in results 
betw^een the two could be observed. Young, hejilthy plants of the 
Pinto variety were used for all the dusting experiments. Some 
plants were dusted immediately before and some immediately after 
the leaves had been atomized wfth rust spores, and some after different 
intervals of time following inoculation. Perfect control was obtained 
whether the plants were dusted immediately before or immediately 
after inoculation. 

These results were followed by experiments to determine how long 
after the plants are inoculated the dust may be applied and still 
be effective. Considerable interest was attached to these experi¬ 
ments, not alone from the standpoint of control but because it was 
hoped that they might give some information as to the time that 
elapses after the application of the rust spores before penetration 
takes place. A preliminary series of experiments was initiat^ m 
which a number of plants were atomized with spores and confined 
in an infection chamber. For a period of 5 days after inoculation 
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several plants were removed from the chamber every 24 hours. 
These plants were dusted with flowers of sulphur. The application 
of the sulphur had no influence whatever, the rust pustules oeing just 
as numerous on the dusted plants as on the controls. These results 
indicate that penetration of the host tissue had taken place in the 
first 24 hours. The results showed also that the plants confined in 
the infection chamber the longest were proportionately later in 
developing pustules, a condition for which the dust is not responsible 
but which can be attributed to the environment that was presumably 
unfavorable for the development of the plant and the rust. 

Dusting the plants at intervals of 6, 12, and 17 hours after inocula¬ 
tion was next tried. Controls dusted immediately after inoculation 
and some not dusted were run in all the experiments. Good rust 
infection was obtained with the undusted controls. On the other 
hand, perfect control was obtained when the plants were dusted 
immediately after atomizing. Dusting 6 hours after inoculation 
gave perfect control. A few rust pustules developed on plants dusted 
after 12 hours, and good infection developc<l after a 17-hour period, 
though it was not quite equal to that of the undusted controls. 
These results show that no penetration, at least none beyond the 
possibility of injury by the sulphur, had taken place at the end of 0 
hours. On the other hand some of the germ tubes had safely pene¬ 
trated the host in 12 hours, and many of them at the end of 17 hours. 

The results obtained with sulphur as a control of bean rust suggested 
trials with a copper-lime dust. A commercial preparation consisting 
of 20 parts copper sulphate and 80 parts hydrated lime was dusted on 
one group of plants before inoculation, and on another at intervals of 
3, 6, 17, 20, 24, and 41 hours after they had been sprayed with spores 
(form 2). The dusted as well as the inoculated undusted controls 
were confined in an infection chamber for 42 hours and then removed. 
The results of these experiments suggested that very inadequate con¬ 
trol, if any, could be expected from dusting with a copper-lime dust. 
No benefit resulted from dusting immediately before inoculation, and 
only a very limited reduction in infection was obtained when the 
plants were dusted immediately after inoculation. Similar results 
were obtained from repeated experiments. Judging from these 
results, dusting with sulphur off el’s more promise of control than 
copper-lime dust. 

FIELD EXPERIMENTS 

In 1928, after the 1927 epidemic of bean rust in Colorado, some 
field experiments were initiated in its control. There was only a 
limited amount of rust that year, but enough to give some idea of 
what might be expected should control measures be applied at the 
right time. The dusts used in 1928 were commercial preparations, 
consisting of different fonns of oxidizing sulphur and one known 
commercially as Kolodust. There were three control plots. On 
July 31 there was a little rust in evidence when an application was 
made with a hand duster at the rate of 5 pounds per one-fourteenth 
of an acre. A second application was made August 7. The latter 
part of the season was not particularly favorable for rust develop¬ 
ment, which increased only moderately after the secDud dusting, so a 
third application was not found necessary. On September 3, final 
records were taken of the experiments, and it was found that 16 to 
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25 percent more damage had been done to the controls than to the 
dusted plots. Had it been a bad rust year, better results might have 
been obtained. The control plots yielded a fair crop. Since 1928 so 
little rust has occurred that no further experiments have been carried 
out in the field. 

No general conclusions can be drawn from these experiments, but 
they suggest that control of rust may be possible if a practical way 
can bo found to apply the dust. The control of bean rust by the 
application of liquid or dust fungicides, while possible from a seasonal 
standpoint, is at most only temporary and of doubtful practicability. 

A number of varieties that resist the rust sufficiently for practical 
purposes have been tested. There is more resistance exhibited by 
the snap bean varieties than by the field beans. Unfortunately, the 
more popular and widely grown field varieties are very susceptible. 
Breeding tmd selection must be employed in order to secure substi¬ 
tutes for susceptible varieties tiiat will be capable of producing a crop 
in rust-infecte<l areas. In fact the evidence indicates that the control 
problem will never be adequately solved until resistant varieties are 
developed by hybridization and selection. 

SUMMARY 

Observations on the succession of spore forms indicate that the 
bean rust (rn)7nyces phaseoli typim Arthur) can be made to complete 
its full life cycle under greenhouse conditions. 

Recognition is made of a teliospore-producing and a non-teliospore- 
producing strain of bean rust. Attempts to force teliospore forma¬ 
tion reveal that the abundance of teliospores, within the teliospore- 
producing strain, as well as the time when they appear, may be con¬ 
trolled to an appreciable extent by altering host metabolism. 

Teliospores 207 days old and urediospores 182 days old, were ger¬ 
minated. I'rediospores show a decrease in germinability with age, 
while teliospores gave maximum germination after 6 months. 

A brief comparison is made of the bean rust with the cowpea rust 
(I'romyces phaseoli vigime (Bard.) Arthur) and rust of Strophostyles 
helvola. 

The oi)timura temperature for spore germination in bean rust was 
found to be about 14.5° O., detenmned at the end of a 24-hour period, 
on a percentage basis. The optimum temperature for infection was 
slightly higher than that for spore germination, or approximately 17°. 

No infection took place at a relative humidity below 95 percent. 
Infection seems to require either moisture condensation or an initial 
excess of moisture on the plants at the beginning of the infection 
period. 

The presence or aVisence of light influenced infection. Plants 
sprayed with spores and confined in a moist chamber in subdued light 
or almost total darkness for 24 to 48 hours became normally infected. 
If confined for a longer time, the number of sori wp somewhat reduced 
and their development delayed. The results point to the conclusion 
that an abnormality in the functioning of the host is accompanied by 
delayed or reduced infection. 

The minimum time for infection to take place under optimum con¬ 
ditions is 8 hours; 12 to 18 hours constitutes about the optimum time. 
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Kesults indicate that outbreaks of bean rust are possible in any 
region where a relative humidity of 95 percent or more is maintained 
for any period of 8 hours or more. 

Sixty varieties of garden and field beans (Phaseolus tndgaris)^ 15 
varieties of the lima oean (P. lunatus macrofiar'pus)^ and the tepary 
bean (P. acutifolius latiJoHus) were tested for rust susceptibility and 
rated on a scale of 0 to 10. 

A new physiologic fonn of bean rust was discovered and designated 
form 2. , 

Dusting with sulphur suggests an effective means of controlling 
bean rust, 
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THE MICROBIOLOGICAL DECOMPOSITION OF THE 
CONSTITUENTS OF ALFALFA HAY‘ 


By Max Pbillipi^ senior chemist, M. J. Gosa, associate chemist, E. A. Heavens, 
assistant hatierioiogist, and L. H. James, senior bacteriologist. Chemical and 
Technological Research, Bureau of Chemistry and Soils, United States Department 
of Agriculture > 

INTRODUCTION 

Investigation of the biological, chemical, and engineering aspects 
of the spontaneous ignition of hay and similar agricultural products 
has been under way in the Bureau of Chemistry and Soils for several 
years/ {2, 6, 6, 12, IS, U, 15, 27, 31)} 

It is now recognized that micro-organisms play an important role 
in the early stages of the decomposition which finallv leads to the 
roontaneous ignition of plant material (7, 18). However, little 
detailed information can be found regarding the disappearance of 
the constituents of alfalfa hay when subjected to microbial decom¬ 
position either under laboratorv conditions or in a heating haystack. 
The results of a laboratory study of this problem are presented in the 
present paper. 

REVIEW OF LITERATURE 


During recent years the literature on the microbiological decom¬ 
position of lignined plant materials has rapidly increased. Soil 
chemists and soil bacteriologists have been particularly active in 
studying this problem in the hope of gaining a better understanding 
of tfiie mechanism involved in the formation of soil org^ic matter 
or humus. No attempt will be made here to review this literature 
as this has already been done elsewhere {8, 23, 25). It is necessary 
only to point out that there appears to be a decided difference, insofar 
as the action of fungi and bacteria is concerned, between lignin as it 
occurs naturally in plants and free or isolated lignin. Willstatter 
lignin, or lignin isolated by the 72-perce,nt-8ulphuric-acid method, 
appears to be resistant to the action of soil micro/jrganisms and to the 
wood-destroying fungi Trametes pini and Polystictus hirsvius {11, SO, 
35). Pringsheim and Fuchs {26), and more recently Demme {8), 
have shown that lignin isolated bjr the alkali method can be de- 
metho.xylated by soil micro-organisms. Under aerobic conditions 
natural'lignin can be decomposed by soil inicro-organisms, at least in 
part, although the rate of decomposition is generally less than that 
of cellulose and hemicelluloses {3, 25, 34). Recently Boruff and 
Buswell (4) reported that they were unable to ferment isolated l^mu 
under anaerobic conditions, though the natural lignin in cornstalks 
could be fermented under these conditions.^ This is in opposition 
to the previous findings of Tenney and Waksman {32, S3), who 
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reported that under anaerobic conditions the natural lignin of alfalfa 
was preserved practically quantitatively. In a recent article Juon 
{16) reported that green fodders subjected to fermentation suffered 
a loss of lignin. In most cases, however, the loss was rather small. 
In general, it was found that lignin was more resistant to the action of 
micro-organisms than the other major plant constituents. 

EXPERIMENTAL PROCEDURE 

In studying the microbiological decomposition of alfalfa hay in the 
laborator3’^, two tvpes were selected, one representing the first crop 
of the season (referred to in this paper as “first cutung'O, and the 
other representing the third crop (“third cutting^0* The samples 
of each cutting were collected fresh from the field, sun-dried for 
several days, then ground fine in a mill. For analysis a subsample 
was dried in an oven at 105° C. The following determinations were 
made. The percentage of ash was calculated on the basis of oven- 
dried material, and all the other results were calculated on the basis 
of oven-dried, ash-free material. 

Ash. —This was determined in the usual manner hv igniting a 
weighed sample with a bunsen burner and weighing the inorganic 
residue. 

Alcohol-benzene extractives. —These were determined by extracting 
a weighed sample in a Soxhlet extractor for 30 hours with a 1:2 
alcohol-benzene solution and ascertaining the loss in weight. 

Cold-water extractives. —To a weighed sample of the dry material 
which had been extracted with the alcohol-benzene solution, distilled 
water was added in the proportion of 150 cc to 1 g of sample and 
allowed to digest at room temperature, with frequent stirring, for 
48 hours. The loss in weight after extracting and redrying was cal¬ 
culated on the basis of the original unextracted ash-free material.^ 

Hot-water extractives. —A weighed sample of the dry residue from 
the previous extraction was treated with distilled water (in the 
proportion of 150 cc of water to 1 g of sample) and boiled under the 
reflux condenser for 3 hours. The loss in weight was calculated on 
the basis of the original dry unextracted ash-free material.® 

[Ironic acid anhydrides. —These were determined in the dry unex¬ 
tracted material according to the procedure recommended by Dickson, 
Otterson, and Link {9) as modified slightly by Phillips, Goss, and 
Browne (^4)* The percentage of uronic acid anhydrides in a plant 
material is a measure of its total polyuronide cx)ntent. They may be 
present in pectins or in hemicelluloses. 

Pentosans. —^The percentage of furfural in the dry imextracted 
sample was determined by the method of the Association of Official 
A^ncultural Chemists {1). One-sixth of the percentage of uronic 
acid anhydrides was deducted from this, and the result was calcu¬ 
lated as percentage pentosans. 

Cross and Sevan cellulose. —^This was determined by the method of 
Norman and Jenkins {20) y but instead of the filter suggested by these 
authors, Jena sintered glass crucibles were employed. 

Furfural in Cross and Sevan cellulose. —This was determined by the 
method of the Association of Official Agricultural Chemists (f). 
The pbloroglucide precipitate was washea with 100 cc of ethanol 

view of the fact that the water-soluble ash was rather small, no attempt was made to determine the 
peroeptalie of ash in the extracts. 
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(heated to 60® C.) to remove any phloroglucide of methyl-furfural 
present. 

Cellulose ,—The Cross and Bevan cellulose consists essentially of 
two components, a true cellulose fraction and a furfural-yielding 
fraction, which in all probability is xylan (19), In order to ascertain 
the true cellulose content of the material, the percentage of furfural 
in the Cross and Bevan cellulose was determined, as already indicated, 
and the result calculated as percentage pentosans. The result thus 
obtained when deducted from the percentage of Cross and Bevan 
cellulose gave the percentage cellulose in the sample. Thus, if G 
equals the percentage of Cross and Bevan cellulose, P the percentage 
of pentosans in the Cross and Bevan cellulose, the percentage of cellu¬ 
lose equals C“(CXP/10()). 

Lignin .weighed sample which had been successively ex¬ 
tracted with a 1:2 alcohol-benzene solution, cold water, and hot 
water, according to the procedures described above, was treated with 
a 1-percent hydrochloric acid solution, in the proportion of 1 g of 
jdant material to 150 cc of acid, and boiled under the reflux condenser 
for 3 hours. The insoluble residue was filtered off, and dried at 
105® C., and the loss in weight was determined. The extracted 
material was analyzed for lignin by the fuming hydrochloric acid 
method according!: to the procedure described by Phillips (22), Three 
samples were weighed out, and in the lignin residues from the first 
two sainples the percentages of ash and nitrogen were determined, 
and in the lignin fraction from the third sample the percentage of 
metho.xyl was determined. Corrections were made for the nitrogen 
and ash in the lignin. 

Methoxyl in ash-free lignin ,—^The l^nin residue obtained from the 
third sample used in the determination of lignin was collected in a 
Pyrex sintered glass crucible (2 cm inside diameter and 5 cm high). 
The weight of lignin, corrected for ash and crude protein, was 
determined. The percentage of methoxyl in this was determined by 
the procedure described by Phillips (^^). The methyl iodide was 
absorbed in pyridine as recommended by Kirpal and Biihn (,17), A 
slightly modified Zeisel apparatus (22) was used. The reaction flask 
consisted of the outer cone of a no. 30 interchangeable ground glass 
joint, the unground end of which had been sealed off and rounded out. 
By means of this arrangement it was possible to insert the glass 
crucible containing the lignin into the reaction flask. To the con¬ 
denser of the Zies^ apparatus, the inner cone of a no. 30 interchange¬ 
able ground glass joint was sealed. 

Methoxyl in unextracted planl materud .—The percentage of meth^jd 
in the dried unextracted plant material was determined as described 
above. The methyl iodide was absorbed in pyridine. 

Methoxyl in extracted plant material .—The method generally usm 
for the determination of the percentage of methoxyl in an 
substance is based on a reaction which all ethers undergo when neated 
with hydriodic acid. The reaction may be represented as follows: 
ROR'+HI-=^ROII+R'I, in which R and R' may be either alkyl or 
aryl groups. If R' is a methyl group, that is, if the substance con¬ 
tains a methoxyl group, then methyl iodide is formed as a result oi 
the reaction, and this may be absorbed either m pyndine or m an 
alcoholic silver nitrate solution and quantitaUvely 
ever, if methyl esters are also present, these two react with hydnomc 
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acid and yield methyl iodide. Accordingly, when a plant material 
is heated with hydnodic acid not only do the methoxyl groups of 
methyl ethers react but also those in esterlike combination, as in the 
case of pectins and in methyl esters of organic acids generally. If 
the plant material is subjected to a preliminary hydrolysis with 
dilute acid, however, the methoxyl groups attached in etherlike com¬ 
bination are very little affected by this treatment, whereas the methyl 
groups of methyl esters are split off. It is now known definitely that 
the methoxyl groups in lignin ^re attached in etherlike combination, 
so that by determining the percentage of methoxyl in a lignified 
plant material, such as alfalfa which has been subjected to a prelimi¬ 
nary hydrolysis with dilute acid, the percentage of methoxyl obtained 
represents essentially, although perhaps not entirely, lignin methoxyls. 
It will be observed that the weight of methoxyl in the extracted plant 
material is in every case greater than the actual (juantity of methoxyl 
in the lignin (weight of ash-free lignin X percentage of methoxyl in 
the lignin). This difference is small, however, and may be due 
either to (1) a partial demethoxylation of the lignin brought about in 
the course of its isolation from the plant material, or (2) to firmly 
bound methoxyl groups occurring in some component of alfalfa other 
than lignin. It has been shown by O’Dwyer {21), Schmidt and his 
coworkers (^»9), and by Hagglund and Sandelin (10) that in wood 
some firmly bound niethoxyl groups are also in the carbohydrate 
fraction. The determination of the percentage methoxyl in a lignified 
plant material that had been treated in the manner described above, 
however, does give an aj)proximate idea of the quantity of lignin 
present. This determination was carried out as follows: The weighed 
sample was successively extracted with a 1: 2 alcohol-benzene solu¬ 
tion, cold water, hot water, and a 1-percent hydrochloric acid solution 
under conditions previously described, and the loss in weight was 
determined. The percentage of methoxyl in the extracted sample 
was determined by the method already described in the paragraph 
headed **Methoxyl in plant material”, and the result calculated on 
the basis of the original unextracted ash-free material. 

Crude protein {NX6.2S ).—This was determined in the unextracted 
plant material in the usual manner by the Kjeldahl, Gunning, Arnold 
method (i). 

The terms ^pentosans”, ‘^lignin”, and “cellulose” as well as 
those used for the other constituents in this paper refer onlv to plant 
substances or plant fractions as defined by the analytical methods 
enmloyed. 

In all the experiments both first-cutting and third-cutting alfalfa 
were used. In every experiment sun-dried ground hay was employed 
(equivalent to 20 g oven-dried (105° C.) material). The several 
samples were placed in Erlenmeyer flasks, and to each a sufficient 
quantity of a modified Czapek’s solution was added as the nutrient 
iMdium. In place of the sodium nitrate in the regular Czapek solu¬ 
tion an equivalent quantity of urea was substituted, and the su^ar 
generally used was omitted. In a previous investigation by Phillips, 
Weihe, and Smith (26) it was founrf that when this modified Czapek’s 
solution was used the reaction of the medium remained almost neutral 
throughout the experiment. In all experiments conducted under 
aerolnc conditions the pH of the medii^ after fermentation ranged 
from 7.0 to 8.0. In the anaerobic experiments the pH of the medium 
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after fermentation ranged from 5.0 to 6.0. As the fermentation of 
hay by the natural microflora was to be studied, no inoculations were 
made. Although no microbial analyses of the fermented hay were 
made, it was apparent that most of the samples had undergone decom¬ 
position by bacteria. A few of the samples showed evidence of decom¬ 
position by actinomycetes, and since their reactions were distinctly 
acid, the fermented plant materials were not subjected to chemical 
analyses. 

In the first series of experiments two sets of cotton-stoppered flasks, 
one containing hay of the first cutting and the other hay of the 
third cutting, each with nutrient medium, were incubated for 30 days 
at 30° C. In this series each experiment was conducted in duplicate. 
In the second series the flasks containing the ground hay and nutrient 
medium were incubated first for 30 days at 30° and then for 30 days 
at 55°. In tliis series each experiment was conducted in triplicate. 
In the third series the flasks containing the ground hay and nutrient 
medium were each closed with a rubber stopper containing a mercury 
seal and were incubated under anaerobic conditions for 30 days at 
30°. In this series the duplicate samples were combined and thor¬ 
oughly mixed, and the composite sample was analyzed. 

At the end of each incubation period in the first three series of experi¬ 
ments the residual plant material in each flask was filtered off, 
dried at 105° C., ana weighed. From the weight of the material in 
each flask before and after fermentation the percentage loss due to 
microbial action was calculated. The composition of the residual 
plant material was then determined by the analytical methods pre¬ 
viously described. By comparing these results with those obtained 
in the analysis of the materials in the original state, data were obtained 
showing the absolute loss of each constituent or group of constituents 
brought about bv the action of the micro-organisms. The composi¬ 
tion of the starting inaterial is given in table 1. The results of the 
first, second, and third series of experiments are recorded in tables 
2, 3, and 4, respectively. 

Table 1. — Composition of alfalfa used in microbiological decomposition experiments^ 

iPornentapo of iish w»is oalculutcMl on the basis of oveu-drie<l material. All other results were calculated 
on the btusb of oven-dried, ash-free material] 

Const it'.tents 

Ash.-.. 

A Icohol-lmnsene ex tract i ves . 

Cold-water extractives. 

Hot-water extractive.s.* -. 

T'ronlc acid anhydrides . 

Pentosans». 

('ross aiul He van cellulaso 
Furfural in (?ross and Bevan celluhise 

Ollulose.— 

Id^nin. 

Methoxyl in ash-free lignin. 

M ethoxy I in plant material . . - 
Methoxyl in extracted plant malerial. 

C^rude protein. NX9.25 . ^ 

^ 20 grams of dry material was use<t for each ex^ieriment. 

* Correctetl fw furfural from uronic acids. 

In the fourth series of experiments the course of the fermentation 
was followed by measuring the daily evolution of carbon diosude 
from flasks containing hay and nutrients, and fermented under 
conditions similar to tnose of the second series—that is, for 30 days 

143911 - 35-4 


First cutting 

1 Third cutting 

Percent 

5 HO 

Grama 

Percent 

5 97 

Grama 

23!? 

4 4050 

27.3 

5,1324 

10. K 

2.0:147 

12 8 

2.4064 

5 3 

9985 

ft. 0 

1.1280 

11. f» 

2.1854 

12 0 

2.2660 

15 2 

2.8636 

11 ft 

2.1808 

.30 9 

,5.8215 

23.2 

4.3614 

13 8 


12 5 


Zi. ft 

‘ 4.4462 

18.2 

3,4216 

9.7 

11.8 

1.8274 

7 6 

9. 7 

1.4288 

2! 8 

.5275 

2.6 

.4888 

1.5 

.2m 

l.O 

.1880 

Ifl 2 

3.0520 

21 3 

4 0044 
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at 30® C. and then for 30 days at 55®. Duplicate samples of hay 
from each cutting were prepared as described above, and the flasks 
were connected to the carbon dioxide absorbing apparatus described 
by Beavens and James {2), Daily titrations of the carbon dioxide 
evolved from the fermenting hay were made, and the results were 
recorded as milligrams of carbon. 

RESULTS 

For the sake of convenience; the results presented in each table 
will be dealt with separately. Table 1 shows that there was a decided 
difference in composition in the two cuttings of hay. This difference 
was reflected in the behavior of the two materials toward the action 
of micro-organisms as measured by the percentage loss of the various 
constituents and by the quantity of carbon dioxide evolved. Table 
1 also shows that although the percentage of ash in the two cuttings 
of hay was about the same, the percentage of the other constituents 
was substantially different. In every case of the alcohol-benzene, 
cold and hot water extractives, uronic acid anhydrides, and crude 
protein (NX6.25) a greater percentage was found in the third-cutting 
than in the first-cutting alfalfa. However, in the pentosans, Cross 
and Bevan cellulose, furfural in Cross and Bevan cellulose, cellulose, 
lignin, methoxyl in lignin, and methoxyl in extracted and iinextracted 
plant materials, the roaltionslxip was revemed. The first-cutting 
alfalfa showed greater percentages of these constituents than the 
third-cutting alfalfa. 

Table 2. —Composition of alfalfa fermented for SO days at S0° C. under aerobic 

conditions ^ 

FIRST CUTTING* 

(All results were calculaU)d on the basis of ovcn-<lruHl, ash-freo fniilerial] 


Constituents 

1 Sample 1 


Sample 2 


In alfalfa 

I.K>SS » 

In alfalfa 

Loss i 


Percent \ 

Oramt 

Percent 

Percent 

Orams 

Percent 

Alcohol-benzene extractives__ 

9.2 

0.9236 

79.3 j 

1 

9.1 

0 8508 

80.9 


«80.1 

Cold-water extractives. 

10.3 

1.0341 

49.1 

11.5 

1.0752 

47.1 


4 48. 1 

Hot-water extractives... 

3.7 

.3714 

62.8 

3.4 

.3179 

68. t 


4 66.4 

Uronic acid anhydrides. 

7.4 

.7429 

60.0 

7.0 

.6545 

70.0 


4 68.0 

Pentosans *.... 

15.5 

1.5562 

45.6 

16.0 

1.4900 

47.7 


4 46.6 

Cross and Bevan cellulose. 

43.0 

4,3172 

25.8 

45.1 

4.2168 

27.6 


4 26.6 

Furfural in Cross and Bevan cellulose.... 

12.4 



12.4 





4 12.4 



Cellulose. 

33.9 

3.4035 

23.4 

35.5 

3,3192 

25.3 

Lignin.. _ 

4 24.3 

17.0 

1.7068 

6.6 

18.3 

1.7110 

6.3 


♦ 6.4 

Methoxyl in ash-free lignin. 

14.1 



13.9 


Methoxyl In plant material.. 



«14.0 



3.4 

.3413 

35.3 

4.1 

.3833 

27.3 



4 31.3 

Methoxyl in extracted plant material.... 

Crude protein, NX6.26. 

28 

12.8 

.2811 

1.2851 

.5 

67.8 

3.0 

14.0 

.2805 

1.3090 

.7 

4.6 

67.1 


4 57.4 


t 20 grams of dry material was used for each experiment. This corresponded to 18.84 and 18.80 g of ash¬ 
free material from the first and third cuttings, respectively. 

* The weight of the dry, ash-free, fermented hay from the 2 samples at the end of the experiment was 
10.04 imd 0.35 g. respectively, which was 46.7 and 60.3 percent loss in weight, respectively. 

* OsdoalaM from data in table 1. 

^ Thejnean value of the 2 samples. 

<^rreoted for foriural from uronic acids. 
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Table 2. —Composition of alfalfa fermented for SO days at 30^ C, under aerobic 

conditions —Con tin ued 


TETIRD CUTTING « 


Constituents 


Sample l 



Sample 2 



In alfalfa 

Loss > 

In alfalfa 

Loss* 

Aloohol'benzene extractives. 

Percent 

Grame 

Percent 

Percent 

Orame 

Percent 

14.1 

1.2831 

75.0 

13.5 

1.2366 

75.9 

<76.4 

Cold-water extractives.... 

9.5 

.8645 

64.0 

11.6 

1.0625 

55.8 

4 59.9 

Hot-water extractives. 

3.5 

. 3185 

1 

71.7 

4.1 

.3765 

66.7 

«69.2 

Uronic acid anhydrides. 

6.8 

.6188 

72.5 

6.9 

.6320 

71.9 

«72.2 

Pentosans »... 

12.6 

1.1466 

47.4 

12.5 

1.1460 

47.4 

M7.4 

Cross and Bevan cellulose. 

33.2 

3.0212 

30.7 

33.2 

3.0411 

30.2 

<30,4 

Furfural in Cross and Bevan cellulose.. . 

12.5 



12.3 

4 12.4 



Cellulose . 

26.1 

2.3751 

30.5 

26.2 

2.3999 

29.8 

*30.1 

Lignin . 

14.9 

l.:i559 

5.1 

14.5 

1.3282 

7.0 

*6.0 

Methoxyl in ash-free lignin. 

11,2 



10.6 
« 10.9 



Methoxyl in plant material . 

3.0 

.2730 

44 1 

2 8 

.2564 

47.5 

*45.8 

Methoxyl in extracted plant material.. 

2.0 

.1820 

3.2 

1.9 

.1740 

7.4 
* 5.3 

Crude protein, NX6-25. .. 

18.6 

1 6926 

57 7 

19 0 

1.7404 

66.5 

*57.1 


^ ('alciilated from data in talile 1 

♦ The mean vahie <»f the 2 samples. 

* Corrected fnr furfural from uronic acids 

0 The weight of the dry, ash*free, fermented hay from the 2 samplas at the end of the experiment was 
9.10 and 9.16 g, respectively, which was 51.6 and 51.2 percent loss in weight* respectively. 

The results of niierobiaJ decomposition of alfalfa hay under aerobic 
conditions when allowed to proceed for 30 days at 30® C. is shown in 
table 2. It will be observed that the total decomposition as measured 
by the percentage loss in weight was slightly less in the first-cutting 
alfalfa than in the third-cutting alfalfa. The alcohol-benzene ex¬ 
tractives showed a somewhat greater loss in the first-cutting than 
in the third-cutting material. How^ever, in the cold- and hot-water 
extractives and uronic acid anhydrides this relationship was reversed, 
although the differences were not large. The percentage loss of 
pentosans and crude protein (NX0.25) in the two plant materials 
was about the same. The Cross and Bevan cellulose, cellulose, and 
methoxyl in the plant material (unextracted) showed a greater loss 
in the third-cutting than in the first-cutting material. The percentage 
of furfural in the Ck)ss and Bevan cellulose of the first-cuttmg mate¬ 
rial decreased somewhat, although in the third-cutting material no 
such effect was noted. The loss of lignin in the plant materials of 
both cuttings was of the same generid order of magnitude. In the 
third-cutting material the loss of lignin is indicated not only m the 
results obtained by direct analysis for lignin but also by the loss of 
methoxyl in the extracted plant materid. There is no explanation 
for the discrepancy between the loss of lignin in the first-cutting ma¬ 
terial and the small loss in the methoxyl in extracted plant mater^. 
In the main, the results indicate that under the conditions of tins 
series of experiments the lignin fraction was the most resistant to 
microbial attack, although it did suffer some decomposition. 
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Table 3. —Composition of alfalfa fermented for SO days at SO^ C. and for SO days 
at 55^ C, tinder aerobic conditions * 


{All results calculated on the basis of oven-dried, ash-free material] 
FIRST CUTTING > 




Sample 1 


Sample 2 


Sample 3 

Constituents 




















In alfalfa 

Loss * 

In alfalfa 

lyOSS * 

In alfalfa 

Loss* 


Percent 

Ora me 

'Percent 

Percent 

Grams 

Percent 

Percent 

Orame 

Percent 

Alcohol-benzene extractives 

15.6 

1 2292 

72. i 

13.4 

1.2381 

72.2 

14.9 

1.3007 

70.8 
* 71.8 

Cold-water extractives. 

8.0 

.6304 

69.0 

7.0 

.6468 

68.2 

8.7 

.7595 

62.6 

♦66.6 


3.1 

.2442 

75.5 

3.2 

.296(i 

70.4 

3.4 

.2968 

70.2 

*72.0 


Uronic acid anhydrides. _,. 

6.8 

.5368 

75 4 

6.1 

.5636 

74.2 

6.2 

.5412 

75.2 
* 74.9 

Pentosans *_-__ 

16.4 

1.2923 

54.8 

15.7 

1.4506 

49.3 

15.0 

1.3095 

54 2 
*62.7 


Cross and Be van cellulose.. 

36.8 

2.8998 

50.1 

43.4 

4.0101 

31.1 

38.3 

3.3435 

42.5 
* 41.2 

Furfural in Cross and 










Be van cellulose_ 

13.5 



13.0 



13.4 








« 13.3 


1 

Cellulose__-. 

28.3 

2.2300 

1 

49.8 

33 8 

3.1231 

29.7 

29.5 

2.5753 

42 0 


i « 40. 5 

Lignin_ 

19.2 

1.5129 

17.2 

19.1 

1.7648 

3.4 

18.7 

1.6325 

1 10 6 


* 10.4 

Metboxyl in ash-free lignin. 

11.3 



12.0 



10.7 







< 11.3 



Methoxyl in plant material. 

Metboxyl in extracted 

3.4 

.2679 

49.2 

4.2 

.3880 

26.4 

4 0 

.3492 

1 33.8 

« 36.4 

plant material. 

, 2.6 

.2048 

27.5 

2.7 

.2494 

11.7 

2.6 

.2269 

19.7 
* 19.6 

Crude protein, NX6.26. 

13.7 

1.0795 

64.6 

10 8 

.9979 

67.3 

12.2 

1.0650 

65 1 
* 65 6 


THIRD CUTTING* 



1 Sample 1 


Sample 2 

1 Sami>le 3 

Constituents 

_ _ . 

_ _ 

_ _ 

_ 

- 


- 

. - . 

_ 


1 In alfalfa j 

Loss * 

1 In alfalfa 

1.0Sh * 

1 In alfalfa 

Losh 


Percent 

Orame 

Percent 

Percent 

Orame 

Percent 

1 Percent 

Orame 

Percent 

Alcohol-benzene extractives. 

20.4 

1.8686 

63.5 

23.0 

1.6744 

67.3 

I 17.2 

J.4396 

71.9 
* 67 6 

Cold-water extractives. 

10.5 

.0618 

60.0 

11.8 

.8500 

64.3 

7.3 

1 .6110 

74.6 

*66.3 

Hot-water extractives_ 

2.8 

.2664 

77.2 

3.8 

.2766 

1 75.4 

2.5 

.2092 

81 4 


• 78.0 

Uronic acid anhydrides. 

6.7 

. 6137 

72 7 

7.3 

. 5314 

76.4 

5,6 

.4687 

79.2 
* 76.1 

Pentosans ®__ 

12.0 

1.0992 

49.6 

12.3 

.8054 

58.9 

12.0 

1.0044 

1 

5 : 1 .9 


* 54. 1 

Cross and Be van cellulose. 

34.8 

3,1870 

26.9 

36.0 

2.6208 

39.9 

1 32.6 

j 2.7286 

37.4 
*34 7 

Furfural in Cross and 






1 


i 


Bevan cellulose. 

12.4 



12.5 

1 


12.4 






. 

1. 

1 * 12.4 



Cellulose.. 

27.4 

2.5098 

26.6 

t 

28.3 

2.0602 

39.7 

1 25.7 

i 2.1510 

i 

37.1 
*34.4 

Lignin. 

14.7 

1.3465 

5.7 

15.0 

1.0020 

23.5 

13.5 

1.1299 

20.9 
* 16. 7 


Metboxyl in ash-free lignin. 

9.1 



0.0 



10.1 






*9.7 



Metboxyl in plant material. 

2.7 

.2473 

49.4 

2,7 

.1965 

50.8 

2.4 

.2006 

58.9 

Metboxyl in extracted 







*56.0 

plant material... 

2.0 

.1832 

2.5 

2.0 

.1456 j 

22.5 

1.9 

.1590 

15.4 
* 13.4 


Crude protein, NX6.26. 

13.0 

1.2732 

08.2 

10.8 

1.4414 

64.0 

12.8 

1.0713 

73.2 






1 




*68.4 


»20jr of dry ma^al was used for each experiment. This corresponded to 18.84 and 18.80 g of ash-free 
matenu from the first and third cuttings, respectively. 

»The we^t of dry# ash-free, fermented hay from the 8 samples at the end of the experiment was 7.88, 
9.24^a^^^g^^rMpe^ve^y^,^wW^ was 6S.1, 90.9, and 63.6 percent loss in weight, respectively. 

* The mroTi value of t he 3 samoles. 

* Corrected for furfural from uronic acids. 

* The weteht of the dry, ash-free, tormented hay from the 3 samites at the end of the experiment was 
9.16, 7.28, and 8.37 g, respectively, which was 91.2, 61.2, and 99.9 percent loss in weight, respectively. 
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In table 3 figures are presented showing the composition and per¬ 
centage loss suffered by the several constituents of alfalfa hay when 
fermented under aerobic conditions, first for 30 days at 30"^ C. and 
then for an additional 30 days at 55*^. In this series of experiments, 
the results indicate the combined effect of the decomposition by 
mesophilic and thermophilic micro-organisms and the longer incu¬ 
bation period. It will be observed that, as in the previous series 
of experiments (table 2), the total decomposition as measured by the 
average percentage loss of the organic fraction of the plant materials 
was sdightly greater in the third-cutting than in the first-cutting 
alfalfa. The alcohol-benzene extractives showed a greater loss in the 
first-cutting than in the third-cutting material, as was also the case 
in the previous series of experiments (table 2). The average loss of 
cold-water extractives was about the same in both cuttings. It was, 
however, considerably greater than when the plant materials were 
fermented for 30 days at 30° (table 2). In general, this was the case 
with all the other constituents except the alcohol-benzene extractives. 
The hot-water extractives, uronic acid anhydrides, pentosans, 
methoxyl in plant material (unextracted), and crude protein (N X6.25) 
suffered a somewliat greater loss in the third-cutting than in the 
first-(‘utting material. In the Cross and Bevan cellulose and the 
cellulose proper, the reverse w^as true; that is, the first-cutting material 
suffered the greater percentage loss. The percentage of furfural in 
the Cross and Bevan cellulose remained substantially the same as in 
the original [)lant materials, thus indicating that the micro-<^rganisms 
did not nreferentially attack the xylan fraction of the Cross and 
Bevan cellulose. Apparently the ‘^pure/^ cellulose fraction and the 
xylan fraction of the Cross and Bevan cellulose were attacked at 
approximately the same rate. The principal difference between this 
series of experiments and the previous one lies in the results obtained 
on the microbiological decomposition of lignin. In the main, the 
lignin from both the first and third cuttings of alfalfa suffered a greater 
loss than in the previous series of experiments (table 2). The results 
are rather irregular, but this was evidently not caused by any error 
in the analytical procedure, as the results on the loss of methoxyl 
in the extracted plant material show a similar tendency. In working 
with mixed cultures of organisms it is, of course, difficult to make 
experimental conditions identical. Under optimum conditions, the 
organisms capable of breaking dow n lignin themselves or in symbiosis 
with other organisms become more active, and there is accordingly 
a correspondhigly greater loss of limin than when conditions are net 
most suitable for their activity. The percentage of methoxyl in the 
residual lignin of tliis series was about the same as in the lignin from 
the original materials. 



770 


Journal of Agricultural Research 


Vol. 50, no. 0 


Table 4. —Composition of alfalfa fermented for SO days at 30^ C. under anaerobic 

conditions * 


[All results calculated on the basis of oven-dried ash-free material] 


Constituents 

First cutting > 

Third cutting» 



In alfalfa 

Loss > 


Percent 

Orama 

Percent 

Percent 

Grama 

Percent 

Alcohol-bensene extractives. 

9.0 

1.0197 

77.1 

11.6 

1.0718 

79.1 

Cold-water extractives___ 

4.9 

..5551 

72.7 

5.3 

.4897 

79.6 

Hot-water extractives. 

3.6 

.4078 

59. 1 

3.7 

.3418 

69.7 

Uronic acid anhydrides. 

8.4 

.9517 

56.4 

8 2 

.7576 

60.4 

Pentosans * .-. 

17.3 

1.9600 

31. 5 

15.2 

1.4044 

35.0 

Cross and Sevan cellulose. 

46.4 

5.2571 

9.7 

40.8 

3.7699 

13. 5 

Furfural in Cross and Sevan cellulose_ 

Cellulose. 

12.6 

36.4 

I 4.1241 

7.2 

12 0 
32.4 

' 2.Mri 

* i2.4 

Lignin.. 

14.5 

1 6428 

10 1 

14.2 

1.3120 

8 1 

Methoxyl in ash-free lignin. 

Methoxyl In plant material- - 

13.4 

3. 1 

.3512 

33.4 

10 0 
2.5 

.2310 

*52 7 

Methoxyl In extracted plant material. 

2 2 

1 .2492 

11.8 

1.9 

. 1755 

6.6 

Crude protein, NX6.25.— - 

14 2 

1 1.6068 

47 2 

17.2 

1.5892 

60 3 


» 20 grams of dry material was used for each experiment. This corresponded to 18.84 and 18 80 g of a.sh- 
free material from the first and third cuttings, respectively. 

* The weight of dry, ash-free, fermented hay from the first and third cuttings uas 11.33 ami 9.24 g. reKi>e<>- 
tively, which was 30.8 and 50.8 percent loss in weight, respectively. 

» Calculated from data in table 1. 

♦ Corrected for furforal from uronlc acids. 

In table 4 results are presented showing the effect when first and 
third cuttings of alfalfa are fermented for 30 days at 30® C. under 
anaerobic conditions. In this series of experiments also there was a 
greater loss in weight in the third-cutting material than in that from 
the first cutting. The alcohol-benzene extractives, cold- and hot- 
water extractives, uronic acid anhydrides, pentosans, Cross and 
Sevan cellulose, cellulose, methoxyl in plant material (unextracted), 
and crude protein (N X 6.25) suffered a greater loss in the third-cutting 
than in the first-cutting material. The furfural-yielding fraction of 
the Cross and Sevan cellulose was, in part, decomposed. The Cross 
and Sevan cellulose fraction, it will be noted, decomposed less under 
anaerobic conditions than under aerobic conditions. What came 
as a surprise, however, was that the lignin in the alfalfa from both 
cuttings was decomposed as greatly under anaerobic conditions as 
under aerobic conditions. It is generally believed that lignin is 
rather resistant to microbial attack under anaerobic conditions. 
The results, however, are in agreement with the recent findings of 
Soruff and Suswell (4), who reported a loss of lignin in corncobs that 
had been fermented anaerobicwly. The results on the loss of meth¬ 
oxyl in the extracted plant material in the main support the results 
on the loss of lignin obtained by direct analysis for lignin. As com¬ 
pared with the other constituents, with the possible exception of the 
cellulose, the lignin proved to be the most I’esistant to microbial 
attack. As in table 2, the methoxyl in the residual lignin was also 
somewhat greater than in the lignin from the original plant materials. 

The results of the fourth senes of experiments are shown graphi¬ 
cally in figures 1 and 2. The samples were incubated for 30 days at 
30® C. and then for w additional 30 days at 65®. The total quan¬ 
tities of carbon dioxide evolved (plotted as milligrams of carbon) 
during the aerobic decomposition are shown in &ure 1. During 
both .mcubation periods (first period, 30 days at 30®; second period 
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30 days at 55®) a greater loss of carbon (as carbon dioxide) occurred 
in the third-cutting material than in the first-cutting material. 
During the first few days of the first incubation period, the difference 
in the quwtities of carbon dioxide evolved from both the first- and 
third-cutting hay was greater than in the remainder of the test 
period. Although in the second incubation period the third-cutting 
material showed a more active decomposition than the first-cutting 
material, it is apparent from figure 1 that the two curves have a 
tendency to converge near the end of the experimental period. 



Figure l,—Total carbon dioxide (calculated as carbon) evolved during the microbial decomposition of 
two cuttings of alfalfa hay under aerobic conditions. (Twenty grams of hay was used in each experi¬ 
ment.) 

The results of the daily titrations of carbon dioxide evolved (plotted 
as milligrams of carbon) during the aerobic decomposition of the two 
cuttings of alfalfa hay are shown graphically in figure 2. It will be 
observed that the greatest rate of decomposition occurred durmg the 
first 4 to 5 days of the first incubation period (30 days at 30® C.), 
after w^hich it gradually decreased. During the second incubation 
period (30 days at 55^) another definite increase occurred in the 
decomposition of both cuttings of hay, although it was not so great 
as in the fii*st period of incubation. This was evidently caused,by a 
change from the mesophilic type of microflora to the thernmphilic 
typo and a speeding up of their metabolic activities, resulting m 
increased decomposition. Consideration has^ been given to the 
that an increase in temperature of a carbon dioxide solution from 30 
to 55® will, of course, cause some liberation of this gas, although one 
would expect this to occur shortly after the rise in temperature. 
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However, as is shown in figure 2, the maximum quantity of carbon 
dioxide was not evolved until the third day of the second period of 
fermentation, so that, in the main, the increased evolution of carbon 
dioxide may be considered as caused by increased microbial activity. 


DISCUSSION 

Investigators of spontaneous ignition of hay and similar agri¬ 
cultural materials now recognize that micro-organisms play an 
important role in causing the initial rise in temperature of the 
fermenting plant material (7, 18), However, the rise in tempera¬ 
ture from about 70° to 80° C., when all microbial activity has ceased, 
to the ignition temperature of the plant material has been the sub¬ 
ject of much speculation. No attempt will be made here to review 



Fi(5Urb 2 . -Carbon dioxide (calculated as carbon) evolved daily during the microbial decomi)osition of 
two cuttings of alfalfa hay. (Twenty grams of hay was used in each exfieriment) 


the various hypotheses proposed to account for tliis phenomenon,® 
as this has already been done by Browne (5, 6*), who put forward 
the hypothesis that the rise in temperature is brought about by 
the oxidation of unsaturated compounds produced as a result of 
the dehydroxylation of the carbohydrates by micro-organisms. 
While the oxidation of such unsaturated degradation products from 
carbohydrates may account for the rise in temperature of the 
vegetable material, attention is called to another class of unsatu¬ 
rated compounds, namely, the lignins, that may play an important 
role in bringing about the spontaneous ignition of plant materials. 
From tables 2, 3, and 4 it will be observed that because of the more 
rapid decomposition of the other major plant constituents, such as 
the carbohydrates, fats, proteins, ana polyuronides, there is a large 
proportion of lignin in the residual plant material. Isolated lignin, 
that is, lignin prepared in the laboratory, is partly unsaturated, as 


• AOcr the present paper had been prepared for publication an article by Budge (ef<) appeared, suggesting 
that 8pontW|K)as combustion may be caused entirely by chemical action. He assumes that cdlulose 
resets with blcarbonates to form a condensation product having a composition analogous to that of cellu- 
j lOM xenthate. It Is fugge.Mted that the cellulose>bicarbonate condensation product may undergo rapid 
oxidation, resoUiog Wider favorable circumstances in the attainment of the ignition point. 
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is evWent from the fact that it will absorb iodine from an iodine 
solution. It is conceivable that lignin freed from its combination 
with the carbohydrates by microbial activity may be even more 
unsaturated, as it is reasonable to suppose that lignin liberated 
under comparatively mild conditions would be less polymerized. 
Under suitable conditions this free lignin may readily absorb oxygen, 
with the evolution of heat. This nse in temperature will cause a 
degradation of the lignin such as is produced when this substance 
is subjected to dry distillation. Under these conditions lignin pro¬ 
duces, in addition to other substances, a whole series of polyhydroi^ 
phenols {23), These phenols are related to catechol and pyrogallol, 
which under suitable conditions absorb oxygen with avidity. This 
will bring about a further rise in temperature until the ignition 
point of the plant material is reached. 

SUMMARY 

A study was made of the microbiological decomposition of first- 
aiid third-cutting alfalfa hay under aerobic conditions at incubation 
temperatures of and 55*^ i\ and under anaerobic conditions at 
110°. The third-cutting material decomposed somewhat more rapidly 
than the first-cutting material. The greatest decomposition took 
place in the alcohol-benzene extractives, the hot- and cold-water 
extractives, the uronic acid anhydrides (the pectins and the poly¬ 
uronide fraction generally), the crude protein (NX6.25), and the 
methoxyl in the plant material (unextracted). The pentosans 
decomposed somewhat more slowly, and the rate of decomposition 
of the Cross and Sevan cellulose and of the ‘‘pure^^ cellulose was 
still less. In general, the lignin was the most resistant of all the 
major plant constituents, although substantial losses of lignin oc¬ 
curred under aerobic and anaerobic conditions. The possible role of 
lignin in the spontaneous ignition of hay is discussed. 
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SOME FACTORS INFLUENCING THE YIELD AND MOR¬ 
TALITY OF PONDEROSA PINE IN THE SOUTHWEST» 

By B. B. Lexen 

Associate silviculturist, Southwestern Forest and Range Experiment Station, Forest 
Service, United States Department of Agriculture 

INTRODUCTION 

A knowledge of those factors Influencing the yield of timber stands 
that are more or less subject to control by man is of practical impor¬ 
tance to the forester. The following analysis of the effect on yield 
of the factors of volume left after cutting and the average size of 
reserved trees was undertaken in an effort to add to that knowledge. 
Data for such a study were available from permanent sample plots 
established during the past 20 years by the Southwestern Forest and 
Range Experiment Station on cut-over areas in the ponderosa pine 
type for the purpose of determining the possible yield of saw timber 
at the end of a cutting cycle. Analyses of these plots were made by 
Krauch in 1926 * with particular emphasis on the individual tree. In 
the present study, unit of area (1 acre) has been substituted as the 
basis of analysis, a method that lends itself readily to statistical 
treatment. 

Because analyses of the relation of increment to time based on 
periods of 20 years and less usually lead to dangerous extrapolation 
and are of little practical assistance in predicting yield, this relation 
was not considered except in a preliminary fashion, and the analysis 
was centered on the yield at the end of 16 years, in which sense time 
could be considered as held constant, 

MATERIAL AND METHODS 

Ninety-three l-acre plots on which growth records had been taken 
over a period of at least 16 years were used as the basis of tbe study. 
All plots were established immediately after logging, and hence repre¬ 
sented the total change subsequent to cutting. There is a rather 
wide diversity of soil conditions among the plots, but no claim is 
made of exact representativeness of the universe of cut-over ponderosa 
pine {Pinus ponderosa Lawson). 

For each 1-acre plot the following values were determined: (1) 
Volume of reserved stand; (2) volume of the average tree; (3) incre¬ 
ment at the end of 16 years; and (4) total mortality by 5-year periods. 
All quantities are given in Scribner board feet, the merchantability 
limits being 10 incnes d. b. h.^ and an 8-inch top diameter. 

The reserved volume on each plot was determined by the use of 
volume tables. In order to eliminate so far as possible any biased 

1 Received for publication Jan, 29,1935; issued July 1935 

* Krauch, H. the determination of increment in cut-over stands op western yellow pine in 
ARIZONA. Jour. Agr. Research 32; 501-541, Ulus. 1926. 

-the DETERMINATION OF INCREMENT IN CUT-OVER STANDS OP WESTERN YEL! OW PINE IN THE SOUTH¬ 
WEST. Jour. Forestry 28; 978-986, illus. 1930. 

8 Diameter breast high, or iH feet above the ground. 
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errors and to keep the random errors as small as possible, separate 
volume tables were used for those plots representing two widely 
different soil types. Separate tables were used also for me two broad 
age classes, yellow pine and blackjack.* Trees that died during the 
period after cutting were removed from the reserved volume in order 
to prevent excessive variation in yield and are treated separately 
under Mortality Analysis (p. 783). 

The volume of the average tree on each acre was determined by 
dividing the total reserved volume by the number of merchantable 
trees. This variable was selected because it gave some indication of 
the size, and roughly of the age, of the reserved stand left on each plot. 

The increment was found by simply subtracting the original volume 
of the reserved stand from the volume at the end of 15 years. No 
allowance was made for a possible change in form of the reserved 
trees after cutting, although such a change creates a small biased 
error in the increment values. 

In the following analysis advantage was taken of correlation meth¬ 
ods and of some of the analytical systems developed by Fisher.' The 
influence of random errors in the independent and dependent variables 
on a few of the more important statistical constants was kept in 
mind. It has been demonstrated that random errors in the de¬ 
pendent variable lower the correlation coefficient but do not appre¬ 
ciably alter the regression coefficients, while random errors present 
only in the independent variables and those in both dependent and 
independent variables, tend to decrease the magnitude of both the 
correlation and regression coefficients.® It is obvious that in analyses 
of this kind any tests of significance between regression and correla¬ 
tion coefficients are of questionable value, since it cannot be defi¬ 
nitely stated whether the differences observed are duo to some definite 
assignable cause or to the inability to measure each variable accu¬ 
rately. This should not, however, vitiate the test of whether a 
correlation or regression coeflScient is significant from zero, because 
higher values for both could reasonably be expected if it were possible 
to measme the variables exactly. In other words, if either coefficient 
is found to be significant when random errors are present, enough 
evidence must be accumulated within the data to indicate it over 
and above the influence produced by random errors. 

YIELD ANALYSIS 

As a preliminary step, the gross correlation coefficients for incre¬ 
ment and reserved volume, for increment and volume of the average 
tree, and for reserved volume and volume of the average tree were 
determined and are given in table 1. The symbols used in the dis¬ 
cussion are defined as follows: 

Yi=increment at the end of 15 years. 

Yj=re 8 erved volume. 

A 3 =volume of average tree on plot. 

♦“Yellow pines“ are ponderosa pines 200 years old and older; they have a deep-yellowish or 
cinimtnon-brown bark. “Blackjacks^' are 160 years old or less and Imve dark, nearly black bark. 

* Fxsrsr» R. a. statistical methods fob research workers. Ed. 3, 283 pp., Ulus. Edinburgh 
and London. 1930. 

« E/ekiel, M. methods op correlation analysis. 427 pp., Ulus. New York. 1930. (Ch. 19.) 
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Table 1. —Correlation coefficients for increment and reserved volume, increment and 
volume of average tree, and reserved volume and volume of average tree 


Variables 

Gross coeffi¬ 
cient of 
correlation 

Gross coeffi¬ 
cient of de¬ 
termination 

Significance ^ 

Xi and Xi ... 

0 7982 
3646 
-.(3067 

0.6371 

.1258 

Significant. 

Do. 

Insignificant. 

X% and X 3 ... 

Xj and Xij .. . . __ 

i 



> Determined by the aid of Fisher’s table V. A,, p. 176. (See footnote 5.) 


The coefficients of determination, which are equal to the coefficient 
of correlation squared, are included because they express much more 
clearly the relationship between variables. 

From table 1 it is evident that both reserved volume and the 
volume of the average tree are important factors influencing incre¬ 
ment. Lack of intercorrelation between these factors indicates that 
a heavy reserved stand is not necessarily composed of large trees nor 
is a light reserved stand necessarily composed of small trees. As a 
matter of fact, the lack of significant correlation implies that the 
exact composition of each plot is due to chance. This lack of inter- 
correlation further suggested the possibility of improving the coeffi¬ 
cient of total determination to approximately the sum of both gross 
determinations given in table 1, by combining the two variables X 2 
and X 2 into a multiple correlation. 

When this suggestion was followed out, the resulting coefficient of 
total determination was 0.7591 and the corresponding correlation 
coefficient 0.8712. Other important points in this analysis are given 
in table 2. 

Table 2 . —Contribution of reserved volume and volume of average tree to volume 

growth 


Variables 

Net r^ession 
coefficient 

Standard 

regression^ 

coefficient 

6.6 

14.8 

Coefficient of 
separate de¬ 
termination 


0.2486zb0.0l62 

.9377=b.l389 

0.6362 

.1239 

__ __^ ^ I ____ 

A'landXa... :. 

Total.-. 



.7691 





The resulting regression equation is 

Xi =647.43+0.2486A'2- 0.9377^3. 

From table 2, column 4, it can be seen that the two coefficients 
of separate determination are approximately equal to the corre¬ 
sponding gross determination coefficients in table 1. The standard 
errors of the two regression coefficients are included in column 2, 
and in column 3 they are expressed as a percentage of the correspond¬ 
ing regression coefficients. It is evident that reserved volume 
measures its influence on increment rather accurately and that the 
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volume of the average tree also measures its influence on increment, 
but to a lesser degree of reliability. 

The net regression coefficient of X\ on is negative, which means 
that for a given reserved volume the yield per acre tends to become 



Figure 1.—Net regression line of increment over reserved volume with residuals. 

less as the volume of the average tree increases. In other words, 
so far as increment is concerned it would be much more desirable 
to have the reserved volume divided among a relatively large number 
of small trees than among a few large ones. 



Figure 2.--Net regression line of increment over volume of average tree with residuals. 


Up to this point the analysis has assumed that the influence of 
X2 and Xz on increment was linear. The truth of this assumption 
can be tested by plotting the residuals over the net regression lines 






782 


Journal of Agricultural Research 


Vol. 80, oo. 9 


with the volume of the average tree held constant at its mean 
(351 board feet) and the influence of the volume of the average 
tree on increment with the reserved volume held constant at its 
mean (3,490 board feet). From figure 3 it is apparent that incre¬ 
ment increases constantly with an increase in reserved volume btit 
at a constantly decreasing! rate. In figure 4 this relationship is 
reversed, that is, the incrmient becomes constantly less with an 
increase in the volume of tie average tree, but the decrease comes 
at a constantly decreasing rate. 

A test for joint correlation .of the type where Ari=~^[a +/(A’"2)—/(A'3)1 
was made. The results are shown graphically in figure 5. Since 



Figure 5.~Relation of measured to estimated increment 

there was no marked indication of curvature present, it was concluded 
that this type of joint relationship did not exist. Further tests for 
joint correlation could not be made because of insufficiency of data. 

Through the introduction of curvature in the regression surface it 
was possible to improve the coiTelation coefficient from 0.8712 to 
0.8974 and the corresponding coefficient of determination from 
0.7591 to 0.8054. From this it was concluded that approximately 
80 percent of the variance of increment at the end of 15 years is 
associated with reserved volume and the volume of the aveiage tree 
after cutting. 
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MORTALITY ANALYSIS 

Any determination of yield for selectively cut stands is more or 
less affected by loss through mortality* The amount to be deducted 
from p*oss yields due to this factor alone is subject to consWerable 
error because of its extreme variability. Available data now indicate 
that if mortality continues at its present rate the anniial loss from 
this source will be between 10 and 30 percent of the average annual 
growth. It has, however, been assumed that this loss will decrease 
with time after cutting, and table 3, which gives the mortality for 
each plot by 5-year periods and the mean mortality for all plots in 
these periods, appears to lend credence to this hypothesis. 


Table 3. —Loan in hoard feet through mortality^ by 5~year peruyds 


Plot no I 

' 1 

0- 5 years 

6-10 years 

11-16 year.H 

ToIaI I 08 .S 

Mean 
fieriod loss 



noord feel 

Board feet 

Hoard fett 

Board fett 

Board feet 

1 


821 

0 

0 

821 

273.67 

2 . . . 


580 

28 

0 

OOH 

202.67 

6.. . 


0 

29 

0 

20 

9.67 

7 .-. 

8 . 


1.380 

67 

1. 196 
50 

6.55 

70 

3,2.31 

177 

1.077 00 
69.00 

9_ _ 


0 

0 

39 

39 

13.00 

11. .... 


0 

900 

0 

900 

300.00 

12.. 


865 

290 

1,933 

3,078 

1,026.00 

13. 


0 

1,180 

0 

1,180 

303.33 

15.. 


1,260 

0 

0 

1,260 

420.00 

17. 


0 

1, 176 

0 

1,176 

391.67 

19. 


32 

0 

0 

32 

10.67 

20 . 


20 

389 

31 

449 

149.67 

23. 

. 

0 

42 

0 

42 

14.00 

26. 


0 

31 

0 

31 

10.33 

2«. 


0 

0 

37 

37 

12.33 

28. 


632 

28 

0 

660 

220.00 

29__ 


840 

0 

0 

840 

280.00 

31. 

34 

902 

0 

036 

312.00 

32_ 

0 

277 

0 

277 

92.33 

35. . 


0 

37 

0 

37 

12.33 

37. 


0 

0 

1,370 

1,370 

466.67 

40. 


1,395 

0 

0 

1,305 

466.00 

42_ _ 


765 

0 

0 

755 

261.67 

4R_ _ _ 

1 778 

0 

0 

778 

259.33 

47.. 


1 615 

0 

47 

062 

22 a 67 

50 . 

52. 


: 0 

, 0 

42 

0 

0 

692 

42 

602 

14.00 

230.67 

54. 

56.-... 


, 9 

0 

0 

1,280 

046 

0 

645 

1,280 

215.00 
426.67 

68.. . 


469 

0 

0 

469 

163.00 

69.- ... 


t ^06 

0 

0 

106 

35.33 

61. . ... 


603 

986 

0 

1,588 

529.33 

62.-. 


0 

0 

1,620 

1,520 

506.67 

64. 


0 

0 

26 

26 

8.33 

67.:. 


21 

0 

0 

21 

7.00 

68. 


0 

0 

512 

612 

170.67 

70. 


66 

167 

0 

223 

74.33 

71... 


0 

0 

88 

88 

29.33 

74. 


29 

0 

132 

161 

63.67 

76. 


0 

194 

305 

499 

166.33 

78... 


0 

227 

0 

227 

75.67 

79_ _ 


68 

0 

0 

58 

19.33 

82. 

0 

27 

0 

27 

9.00 

84_ ____ 

0 

0 

160 

160 

63.33 

86 . 


94 

0 

0 

94 

31.33 

87_ _ 


0 i 

0 

62 

52 

17.33 

89. 

0 

618 

0 

618 

206.00 

4»I _ -.. 

0 

449 

0 

449 

149.67 








Total. 


11,499 

10,633 

8,313 

30.346 

10,116.00 

Mean. 


123.6463 

113.2581 

89.3871 

326.29032 

108.76344 


> Those of the 93 plots on which no trees died darintc the ts^year period are not listed 
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The hypothesis can be tested for the early period after cutting by 
the method of analysis of variance. Table 4 summarizes the analysis 
of the data given in table 3, the sum of squares within periods being 

equal to 


Table 4. —Summary of analysis of mortality data in table S 


Descrii)tion 

1 

Degreek of 
freedom 

1 

i 

Sum of squares 

Mean 

square 

Standard 

deviation 

Natural log 
of standard 
deviation 

Within periods--. 

276 

26.214,449.16 

94,979.89 

308.188 

5. 7307 

Between {leriods. 

2 

57,391.28 

28,695.64 

169.398 

5.1323 

Total---. 

278 

26, 271,840 44 

94.503.02 

307 413 

> 0 5984 


> The value of determined as insit^niflcant by the aid of Fisher'** table «. (See footnote 5.) 


Where 

A*—number of plots used in a period 
jr=mortality 

Xp=mean mortality for period 
a=number of penods 

the sum of the squares between periods equals 


and 


k^iSiXp—x)'^ 

x=the general mean for all plots. 


The lack of significant intraclass correlation indicates that not 
enough evMence has been ac(*.umulated to justify the conclusion that 
mortality is related to time since cutting. Although the mean mor¬ 
tality by periods shows a progressive decrease, the differences between 
means can readily be explained as being caused by errors of random 
sampling and not necessarily by some influence of time. 

The foregoing analysis also indicates that the best estimate of the 
standard deviation of mortality is 307.413. With the standard devi¬ 
ation of mortality known, it is possible to determine the standard 
error of the mean from the relationship 


.S' 

where 

estimated standard deviation 
estimated standard error or mean 
71—number of observations. 
Substituting the observed figures— 


307.413 


V279 


- = 18.40. 


This establishes the standard error of the mean mortality as 18.40 
board feet. 

The average growth for a period of 5 years is approximately 300 
board feet. Should it be desired to determine the average periodic 
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mortality within an accuracy of ±5 percent of the periodic growth 
and with odds 19 to 20 that the true mortality will be within this 
range, the area which must be sampled to assure this reliability can 
be determined from the formula— 



where n=number of acres 

s=tho best estimated standard deviation of population 
in question 

desired standard error. 

Substituting and solving— 

/3()7.413V 1 .on 

n=i——) =1,680 acres. 

For units smaller than 1,680 acres it is necessary to cover the area 
100 percent to insure the above-stated accuracy of the mean. For 
larger units the percentage of area to be covered naturally becomes 
less. 

It is sometimes possible to reduce the magnitude of the standard 
error of a mean by satisfactorily establishing correlation within the 
sample. In this case it appeared probable that mortality at the end 
of 15 years might conceivably be related to the amount of reserved 
volume and the volume of the average tree. A multiple correlation 
was performed, using the above-mentioned factors as independent 
variables, and a correlation coefficient of 0.2922 was obtained. The 
corresponding determination coefficient was 0.0854, which implies 
that only 8.5 percent of the variance of mortality is associated with 
the amount of reserved volume and the volume of the average tree. 

The coefficient of multiple correlation in this case was so low that 
it appeared advisable to test it for significance. A summary of this 
test is given in table 5. 

Table 5. —Summary of test for significance of coefficient of multiple correlation 
between mortality at 15 years^ amount of reserved volumey and volume of average 
tree 


Description 

Degree of 
freedom ' 

Sum of squares 

Mean 

squares 

One-half 
natural log 

llegrBSsion formula... 

3 

2,787,094.99 
29,8.56,077.88 i 

.:'-i 

929.031 m 
.331,723.09 

6.87096 

Deviation from regression. 

Value of 2 ... ... 

M) 

1 

6.35603 
> 0.51492 


I Determined as significant by the same test used for t in table 4 


Since the value of z was found to be significant it was concluded 
that reserved volume and the volume of the average tree left after 
cutting have some influence on mortality. 

The reliability of each regression coefficient was also analyzed, and a 
summary of the results is given in table 6. It Is evident that, while the 
reserved volume and the volume of the average tree are significantly 
related to mortality, they do not measure tliis relation accurately, 
since in both cases the standard errors are e^ual to approximately 
one-half of the corresponding regression coefficients. 
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In figures 6 and 7 the net regression lines of mortality over reserved 
volume and mortality over the volume of the average tree are plotted 
with the corresponding residuals. It is clear from this that an increase 



Fioure 6.—Net reftression line of mortality over reserved volume with residuals. 

in either reserved volume or the size of the average tree leads to greater 
mortality. Casual observation of the plotted data alone indicates 
that this relationship is not very strong, and although a straight 



Figure 7.—Net regression line of mortality over volume of average tree with residuals. 


line has been fitted to the data, it cannot be definitely assumed that 
the relationship is proportional. 
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Table 6. —Summary of test for reliability of regression coefficients of correlation 
between mortality at 15 yearSy amount of reserved volumcy and volume of average 
tree 


Variables 

Net r^res' 
sioQ coeffi¬ 
cients 

Standard 

Regresalon 

coefficient 

Standard 

error 

XlOO 

error 

Standard 

error 

Kefcreasion 

coefficient 

A"if.n(J.Y2 . 

.Vi ami A '3 .. . 

0.0530 

.4600 

0.0258 

.2230 

Z0!A2 

2.0000 

48.7 
40 8 


SUMMARY 

Analysis of factors influencing yield of timber stands indicates 
tliat the increment per acre at tlie end of 15 years after cutting is 
closely related to the volume of the reserved stand and the volume 
of the average tree. These two variables alone explain approxi¬ 
mately 80 percent of the variance of increment; the remaining 20 
percent is attributed to such factors as the degree of release, site dif¬ 
ferences, and differences ifi vigor of reserved stands. 

By holding constant the influence of the size of trees left after 
cutting, it was found that the yield increased with an increase in 
reserved volume and that this increase came at a constantly decreas¬ 
ing rate. With the influence of reserved volume held constant, the 
increment decreased as the size of the average tree increased, and 
this decrease came at a constantly decreasing rate. This naturally 
follows from the fact that with a given reserved volume the amount 
of growing surface increases with a decrease in the average size of the 
trees left after cutting. Furthermore, as the size of the average 
tree decreases the average age also decreases, and from the nature 
of the curve of growth with time it follows that, in the average, 
more growth can be expected from a given volume of young trees 
than for the same volume of older trees. 

The average mortality per acre for a period of 5 years was found 
to be 108.8 board feet with a standard error of 18.4 board feet. 
No significant relationship was found between mortality and years 
after cutting. There was, however, evidence of correlation bet\veen 
mortality and the two independent factors, reserved volume and 
volume of the average tree left after cutting, since an increase in 
either variable resulted in an increase in mortality. This relation¬ 
ship was not strong enough, however, to indicate definitely whether 
or not it was proportional. 
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FUNGI CAUSING STAIN IN LOGS AND LUMBER IN THE 
SOUTHERN STATES, INCLUDING FIVE NEW SPECIES ‘ 

By Ross W. Davidson * 

Assistant mycologist^ Division of Forest Pathology^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

The sapwood of many important pine and hardwood species is 
subject to discoloration caused by fungi. The most common stain 
is one of a bluish-gray hue whicn often occurs in spots, streaks, or 
patches, or which may, under suitable conditions of moisture, involve 
the entire sapwood area of logs and lumber. Such discolorations have 
been the source of serious losses to manufacturers of wood products, 
particularly in the Gulf States region. The present investigation was 
undertaken in July and August 1931 and continued through May 
and June 1932 to "determine more definitely what fungi were chiefly 
responsible for such staining of wood in the southern united States. 
Cultural and identification studies were conducted later in the 
laboratory. 

REVIEW OF LITERATURE 

While a number of fungi have been describee! as caurfng stains in 
the United vStates, no systematic studies of their relative prevalence 
have been made in the field. In 1903 Von Schrenk (17)^ investigated 
the staining of pines in the Black Hills section and attributed the 
cause to a fungus which ho called Ceratofttomella pilifera (Fr.) Winter. 
In 1906 Hedgcock (7) published descriptions of 20 funp which he 
had found capable of staining wood. In 1929 Rumbold (14) also 
showed, as a result of many isolations from stained wood, that there 
are a number of species responsible for staining. In the same year 
Nelson and Beal (12) gave the results of inoculation experiments in 
which they used three tvpes of staining fungi which they found 
associated with bark beetles. The following year 2 of these 3 fungi 
were described by Rumbold (75), 1 never having been reported before 
in North America and the other being a new species. A number of 
the fungi mentioned by Hedgcock and Rumbold were Fungi Imper- 
fecti, but CeratostomeUa species have long been considered by workers 
in this country to be responsible for most of the staining of logs and 
lumber. However, Lagerberg, Lundberg, and Melin (9) state that 
in Sweden species of the Fungi Imperfecti were more important as 
Stainers than were the species of CeratostomeUa. 

> Received for pablioatloti Dec. 29,1934; issued July, 1935. 

* The writer is indebted to Caroline T. Rumbold, of the Division of Forest Pathology, for identification 
of many of the fungi isolated during the first part of the investigation, and to other membws of the Division 
staff for advice as to methods of conducting the investigations in the field. The Latin descriptions were 
prepared by Edith K. Cash, Division of Mycology and Disease Survey. The writer is also indebted to 

E. Stevens, of the Division of Cereal Crops and Diseases, for identification of the species of Diptodia. 

* Reference Is niade by number (italic) to Literature Cited, p. 806. 
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METHODS 

Freshly sawed, unstained sapwood boards were taken as they 
came from the sawmill and placed in newly erected stacks of lumber 
in the seasoning yard. Care was taken that these samples were 
placed where they would not diy too rapidly and thus prevent the 
appearance of stain. From time to time small sections were sawed 
from these boards and taken in paper bags to the laboratory, where 
an attei^t was made to isolate any fungi that had grown into the 
wood. The transplants to a^ar were normally made on the same 
day, and almost invariably within 24 ho\irs. 

After finding that the presence of molds fremiently prevented the 
isolation of staining fungi from lumber that had remained in the 
yards for 1 to 3 months or more, it was decided that, for the present 
study, only those stained samples which had been in the yard for 3 
weeks or less would be used. The following discussion of the lumber- 
staining fungi and the tables giving the frequency of their occurrence 
are based on isolations from such freshly stained lumber samples. 

At Natalbany, La., and Caryville, Fla., a chemical treatment was 
being used to prevent staining. There undipped boards were placed 
beneath the stacks of lumber to avoid direct contact with the dipped 
lumber. Where this was done, it was found necessary to place 
several test boards together, one on top of the other, in order to 
prevent too rapid drying. 

The wood samples were from the following common tree species 
used for lumber in the Gulf States: Longleai pine, {Pinus palustris 
Mill.), shortleaf pine (P. echinata Mill.), loblolly pine (P. taeda L.), 
red gum {Liquiaambar styracijlua L.), yellow poplar (Liriodendron 
tulipifera L.), tupelo (Nysm aquatica L.), beech {Faguft grandi/olia 
Ehrh.), magnolia {Magnolia sp.), oak {Quercus sp.). At the pine 
mills longleaf pine was the most common species used, and at the 
hardwooa mills red gum, oaks, and yellow poplar, probably in the 
order named, were the more important. 

In the laboratory the wood samples from which transplants were 
to be made were split open and immediately placed in a culture 
chamber. Then small particles of wood were removed from beneath 
the freshly exposed surface and planted in Petri dishes containing 
2-percent malt agar. These particles were removed with a chisel 
forcepswhich was dipped in alcohol and flamed each time after 
it touched the freshly exposed surface of the wood. It is possible 
that contamination resulted occasionally by air-carried spores, but 
results indicated that this was seldom the case. In making isolations 
from “yard-stainedlumber,* which had inolds fruiting on the 
surface, all of the outer surface was removed in a separate room, or 
alcohol was sometimes swabbed over the surface and flamed off. 
However, the results seemed about the same whether these additional 
precautions were taken or not. 

If a sample was unstained or very slightly stained, isolations were 
made from near the surface, but if it was heavily stained, some were 
niade from a greater depth and others from near the surface. In 
either case it was diflScult to make isolation from a depth less than 

^ By/‘yard-stained*^ la meant stain which originated after the lumber was sawed, as distinguished from 
loga^. 
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one-eighth to one-sixteenth inch without danger of obtaining surface 
contamination. 

Most of the stained boards contained an abundant growth of 
perithecia of species of CeraiostomeUa on the surface. Isolations 
were made from these to determine whether the species fruiting on 
the surface were the same as those obtained from the interior of the 
wood. This was done by touching the droplets of ascospores, which 
had collected at the tips of the perithecial beaks, with a flamed plat¬ 
inum needle and streaking them over poured plates of malt agar. 
Oraphium was frequently isolated in a similar way. 

In order to determine whether the organisms causing stain in the 
logs were the same as those causing stain of lumber in the mill yards, 
the lumber was watched as it came from the sawmill and samples 
were taken from those already stained. Logs were also examined 
before they reached the sawmill and samples were taken from any 
that were stained. 

All fungi that grew from the wood were transferred to test tubes 
and studied later in the laboratory. These studies were made on 2^- 
percent Trommer’s malt extract agar and the growth rates were 
obtained at a room temperature of about 75° F. 

OCCURRENCE OF THE FUNGI 

FUNGI ISOLATED FROM PINE LUMBER 

Freshly sawed pine lumber, which was placed in the mill yard to 
dry, showed a few small spots of stain after 3 or 4 days under humid 
conditions of weather. If the weather was very dry the boards 
remained free of stain. If the lumber was solid-piled for 2 or 3 days, 
either along the conveyor chain at the mill or on the runways in the 
yard, it became at least slightly stained in the driest weather, and if 
bulked for longer than 4 or 5 days the entire sapwood became badly 
stained. 

Provided the weather was favorable for stain development, as it is 
much of the time in the Gulf States, the fungi were isolated from 
near the surface within 3 or 4 days after the lumber had been taken 
from the sawmill. After a perioa of 5» to 7 days they could usually 
be obtained fpm the center of a l}i-inch board. 

The organisms responsible for the staining were found in such 
abundance that several spedes were usually present in each sample. 
Even when only 1 staining fungus was obtained from the interior, 
isolations made from the perithecia fruiting on the surface showed 
that 1 or 2 others were usually present. This made it difficult to 
associate staining with any particular organism. 

The fact that several fund were isolated more frequently than others 
does not necessarily prove that they are of firet importance as stainers. 
In the first place, no pure-culture inoculations were inade to deter¬ 
mine the rehitive staining ability of the several species concerned. 
Secondly, their rate of growth in culture differs considerably, and a 
rapid-growing species might often appear in culture to the exclusion 
of the others. Ceratostomella ips Bumbold, for instance, grows more 
rapidly than C. pU'^era, and although the two can usiually be detected 
when growing together, it is possible that in some instances C. pUiJera 
was obscured. The CeroitostomeUa hereinafter described (p. 797) as 
(7. mvltiannulata Hedge, and David^n, n. sp., certainly would often 
be suppressed by C, ips, C. pUifera, or Diplodia natalensis P. Evans. 
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The last-named species, which grows very rapidly, often suppressed 
all of the other staining fungi in the Petri-dish cultures. 

In spite of these confusing factors, those fungi most often isolated 
from the interior of the stained samples seem to be responsible for 
most of the staining of lumber in the Southern States. This conclu¬ 
sion is more plausible when one considers the fact that the two fungi 
most frequently obtained, Ceratostomella ips and C. pilijera, are 
known to be severe stainers. 

Table 1 includes a list of the fungi isolated from stained pine, and 
shows the number of times each fungus was isolated from pine 
lumber and logs in each locality where a study was made. In all of 
these localities except Caryville, Fla., sufficient samples were collected 
to give a good basis for determining which fungi were most frequently 
the cause of stain at that time. Only 6 days were spent at Caryville, 
which may explain in part the failure to obtain Ceratostomella pUifera 
there. 

Tablk 1. —Fungi isolated from pine and hardwood lumber and. logs and their relative 
occurrence in several localities 

FUNOI FROM PINE 


Number of isolations from lumi)er and logs in kKmlity inducted 


Fungus isolated 

Bogalusa. 

Urania, La, 
and vicinity 

Laurel, 

Miss. 

Natalbany, 

La. 

Cary^ville, 

Total isola- 
lations 


Imm* 
ber ! 

! 

Logs 

Lum¬ 

ber 

Logs 

1 

lium- 

ber 

i 

Logs 

Lum¬ 

ber 

Logs 

Lum¬ 

ber 

1 

Logs 

Lum¬ 

ber 

I.^>gs 

Ceratostomella ips . 

ft 1 

13 

4 

2 

ZH 

fi 

15 

1 

1 

11 

fi 

OM 

28 

C.pilifera.. . . . 


3 

2 


20 

3 

14 

2 

0 

0 

42 

11 

C muUiannulata .. 

0 

0 

0 

0 1 

5 

0 

0 


0 

0 

5 

0 

C. pluriannulata . 

« i 

0 

3 

1 

0 

2 

0 


0 

0 

3 

3 

C. obscura .. . 

0 : 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

C. pini . 

u 

0 

0 

0 

0 

1 1 

0 

0 

0 

0 

0 

1 

En£conidiophora monilifor¬ 
mis...^ .. 

4 

2 

.ft 

4 

0 

0 1 

0 

0 ! 

0 

0 

0 

0 

0 

0 

2 

0 ! 

3 

0 1 

1 

1 

0 

0 

0 

6 

0 

Diplodia natalensis . 

AUernaria ap. 

2 

3 

0 

2 

6 

2 

fi 

2 

2 


10 

10 

0 

0 

3 

0 

10 

0 

0 

0 

0 

0 

13 

0 

JlelmifUhosporium geniculo’ 
turn .. .. 

1 

0 

7 

0 

0 

0 

0 

0 

0 

0 

8 

0 

Oraphium rigidum . 

0 

1 

0 

0 

0 

0 

0 

1 1 

0 

1 

0 

3 

Diptodia megalospora . 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Cadophora brunnescens . 

0 

0 

I 0 

0 

0 

0 

0 

0 

0 

2 

0 

2 

C, repens . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

IJormonema puUulans .. 

0 

0 

! 1 

0 

0 

0 

0 

0 

0 


FUNGI FROM HARDWOOD 


Endoconidiophora coerules- 
cens ... 

6 

8 

0 

8 

3 

5 

3 

8 

1 

1 

22 

30 

E. moniliformis . 

0 

0 

12 

5 

2 

3 

3 

4 

4 

0 

21 

12 

E. fimbriata . 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

Ceratostomella pluriannu¬ 
lata . 

C. ap. 

4 

3 

9 

! 9 

0 

1 

0 

0 

1 

0 

14 

13 

0 

0 

2 

1 2 

0 

0 

0 

0 

0 

0 

2 

2 

Oraphium rigidum . 

4 

1 

0 

6 

0 

0 

0 

1 

0 

0 

13 

8 

DifHodh natalensis . 

0 

2 

2 

0 

1 

0 

0 

1 

0 

0 

9 

3 

Leptographium microsporum 

2 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

1 

Hormonema pulluians . 

1 

0 

1 { 

1 

1 

2 

0 

0 

0 

Oj 

0 

0 

1 

3 


It was surprising that Ceratostomella ips was isolated more fre¬ 
quently than any other species, since it had previously been consid¬ 
ered to infect only logs infested by the Ips beetle. It stains the boards 
dark gray-black, and occasionally large short-necked peiithecia 
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form on the stained areas. Its great abundance in lumber is probably 
partly due to the fact that so many logs stained by C. ips pass through 
the lumber mills. Such logs and the products of theu* manufacture, 
as lumber and sawdust, probably serve as sources of infection to the 
unstained lumber in the mill yard. 

CeratostomeUa piliiera was isolated 42 times, which indicated it 
to be at least second in importance. It has usually been considered 
the cause of most of the lumber stain, and probably it is more impor¬ 
tant than C. ips in some localities. The surface of vrood stained by 
C. pilifera is light graj at first, due to a dense formation of white 
conidiophores and conidia. This light-gray surface soon disappears, 
leaving a dark gray-black streak of stain, which is often as dark as 
that caused by C. ips. 

IHplodia naialensis was isolated 16 times from stained lumber. 
This species seems to be of some importance in causing stain, although 
the samples from which it was obtained usually contained Ceratosto- 
mella also. It frequently infects the boards soon after they are placed 
in the mill yard and grows rapidly through the wood. 

The unidentified CeratostomeUa species were probably C. pilifera 
and C. ips. Other species of fungi grew so rapidly in culture with 
tliem that the species could not be determined. 

En/loconidiophora moniliformis (Hedge.) n. comb., CeratostomeUa 
pluriannulata Hedge., Ilelminthosporium geniculatum Tracy and Earle, 
and Alternaria sp. are possibly of little importance in pine, since thejr 
were never definitely associated with any staining during this investi¬ 
gation. 

The remaining specues, CeratostomeUa multiannulata^ must be placed 
in a doubtful position as to its staining ability. In those localities 
where a study was made in 1932, except at Caryville, Fla., this species 
was found fruiting in abundance on the surface of most of the sample 
boards. The fact that it was isolated from the surface of 70 samples 
and from the interior of only 5 indicates that it seldom penetrates 
deeply into the wood. Its penthecia often formed and matured quickly 
on unstained surfaces of the boards, but wood in which it grew almost 
always became at least slightly stained. Whether it caused any dark 
staining of the wood was difficult to determine, since other species 
were usually ppsent soon after its appearance. Even if it were found 
to be of little importance in causing stain, it must still be considered 
one of the common fungi inhabiting freshly sawed pine lumber in the 
South. 

FUNGI ISOLATED FROM PINE LOGS 

Some of the logs that are brought to the mills in the South already 
contain much stained sapwood, and although this investigation was 
chiefly conducted to get information on the staining of lumber, a con¬ 
siderable number of isolations were also made from the stained logs. 
It was found that Trichoderma sp. and other molds which were so 
frequently obtained from lumber stained at the mill were seldom 
obtained from wood that had been stained in the logs. 

As is shown by table 1 , CeratostomeUa ips was found to be the species 
responsible for most of the log stain; it always occurred in logs that 
had been infested with bark beetles (/p« sp.). C. pilifera was ob¬ 
tained from a number of samples, and its entrance, vrhere definitely 
traced, was through broken or splintered areas of the log. The two 
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species of Cadophora were obtained only at Caryville, Fla., so they are 
probably of little importance as stain fimm. 

Since Diplodia natalensis is so prevalent and grows on so many 
substrata, it is not surprising that it was occasionally obtained from 
logs as well as from lumber. CeraiostomeUa piniy wliich is known to 
obtain entrance along with bark beetles, was found only once. C, 
obscura, n. sp. (described on p. 797), was isolated only twice and may 
not cause much staining. 

NON-BLUE-STAINING FUKGl ISOLATED FROM PINE LUMBER 

A number of fungi other than wood-staining species increased the 
difficulty of obtainmg the causal discoloring organisms in culture. 
At Bogalusa, La., in 1931, Trichoderma lignorum (Tode) Harz often 
appeared to obscure the growth of all other fungi. It penetrated the 
newly sawed boards as quickly as did the staining fungi and soon 
invaded all of the sapwood. At Urania, La., Trichoderma interfered 
less, but other fungi such as Helminthosporium genicvlatum and Di¬ 
plodia hindered the growth of CeraiostomeUa species to some extent. 
Because of these complications, the information obtained in 1931 was 
considered inadequate for any definite statement as to which organisms 
were chiefly responsible for the staining of pine lumber. 

During 1932 the work was continued at Laurel, Miss.; Natalbany, 
La.; Caryville, Fla.; and Bogalusa, La. At all of these places except 
Bogalusa, Trichoderma and other nonstaining fungi interfered only 
occasionally. However, the rapidly growing T. lignorum again 
appeared from most of the samples obtained at Bogalusa. 

Other non-blue-staining fungi frequently isolated were Pestalozzia 
sp., Fusarium sp., various species of Penicilliumy and occasionally 
species of Aspergillus. Several species, Helminthosporium genicvla¬ 
tum, Alternaria sp., and Endoconidiophora moniliformis, are listed as 
doubtful staining fungi. H. genmdMum was obtained only at Boga¬ 
lusa and Urania, La., and was always associated with species of 
CeraiostomeUa. 


FUNGI ISOLATED PROM SPECIES OP HARDWOOD 

Table 1 shows also the fungi that were isolated from stained hard¬ 
wood logs and lumber. It snows that the fungi responsible for log 
stain occur in about the same relative frequency in stained lumber. 
Here the species of Ceratostomataceae are again of much greater 
importance than are the Fungi Imperfecti. 

Endoconidiophora coervlescens Munch is of greater relative impor¬ 
tance as a Stainer of lumber than the number of isolations would 
indicate. It infects the ends of the logs soon after they are cut, and 
continues to grow rapidly over the surface of the lumber as soon as it 
is stacked in the yards to season. It forms a dense black surface 
growth of mycelium and perithecia, and the interior of the wood is 
stained gray. The staining is usually more uniform than the stain in 
pine and not so localized m streaks or spots. E. cperulescens grows 
on most of the species of hardwoods. It was isolated from sap gum, 
black gum, poplar, oak, beech, and magnolia, and probably occurs on 
many others. The odor produced by this fungus is distinctly notice¬ 
able wherever there is abundant infection of logs or lumber. 

CeraiostomeUa pluriannvlaia and Oraphium rigidum (Pers.) Sacc. 
also frequently inhabit hardwood logs and lumber. They were usually 
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found associated with E, coerulescens, but grow more slowly and seem 
to cause much less staining than the latter. The appearance in cul¬ 
ture of C. pluriannvlata is very similar to O, rigidum^ and throughout 
this investigation the writer was unable to identify one from the other 
until fruits appeared. It is not known whether they are similar in 
their habit of growth in the wood and in their staining qualities. 

Endoconidiophora moniliformis was found very frequently on hard¬ 
woods and occasionally on pine. The fact that it was not obtained 
at Bogalusa is difficult to explain, for it was a very conspicuous 
fungus in the other localities. Factors favoring it are its veiy rapid 
growth and the fact that mature peiithecia are usually formed in 2 or 3 
days. It causes a dark-brown stain in fresh sapwood, but this stain 
seems to fade out considerably when the wood dries thoroughly. 
It also is frequently found growing with one or several of the species 
previously mentioned. 

Diplodia natcdensu was isolated a number of times from hard¬ 
woods, but it was usually obtained from boards that had been first 
stained by Endoconidiophora coerulescens. 

The other fungi listed are probably not of very great importance. 
Hormonema pullulans (De Bary) Lagerberg and Melm was considered 
by Hedgcock (7) to be the cause of stain, but in the present investi¬ 
gation it was usually obtained from very slightly stained boards. 

In isolating fungi from recently stained hardwood logs or lumber, 
it was found that almost no nonstaining fungi appeared to interfere 
with the growth of those herein listed as possible staining fungi. 

SYSTEMATIC POSITION OP THE BLUE-STAINING FUNGI 

CERATOSTOMATACEAE 

The foregoing account has been an attempt to show the relative 
importance of the wood-staining fungi that occur in the localities 
studied in the southern United States. In order that there may be 
little confusion concerning the identity of the species, it is essential 
to discuss them more fully. Complete descriptions of the well- 
known species are not incluaed, but brief statements of their charac¬ 
teristics in culture are given. 

The family Ceratostomataceae, wliich includes most of the impor¬ 
tant staining fungi occurring in the South, is a very unifi^ group. 
The species have constant differences and may be easily Wentified 
when obtained in pure culture. In 1907 Munch {11) established the 
genus Endoconidiophora^ which differs from Ceratostomella in that 
conidia are fonnea endogenously. This classification has not been 
followed by later authors. The t^e species, E. coervlescens^ was the 
only one placed in this genus, despite the fact that CeratostomeUa 
fimbriata (Ell. and Hals.) Elliott (4, ^), C, adiposum (Butler) Sartoris 
{16)f and ( 7 . paradoxa (De Seynes) Dade (S) nave endoconidia. To 
tliis Endoconidiophora group ^1 be added C, moniliformis^ which has 
been found by the writer to have endoconidia. These endoconidial 
species constitute a group of closely related fungi. This may be 
emphasized by the fact that ( 7 . moniliformis was placed by the writer 
in the Endoconidiophora group before it was examined microscopically. 
The production of a distinct odor seems to be a character common 
to alt of the species, and the three species that have been isolated 
from wood produce two rather distinct kinds of endoconidia, the one 
short, thick, and barrel-shaped, and the other narrow and cylindnc. 
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Ceratostomella ips Rumbold 
Rate of growth, 24 mm in 5 days.* 

Ceratostomella ips has been adequately described by the author of 
the species {15), In culture it is the most rapid-growing species of 



FwnRE 1,—yl-7), Cerato$tomeiUi mulHannulata Hedge, end Davidson; A, Young perlthecium (X 220); 
BfO onidiophore and conidia (X 1,000); C, tip of beak from mature perithecium (X 220); A asoospores 
(X 1,000). C. obgeura: E, Small synnema (X 1,000); F, base of small synnema (X 1,000) ; O, oonidio- 
phore originaUng directly on mycelium (X 1,000); II, conidia (X 1,000); 7, perithecium (X 220); .7, 
asoospores (X 1,000). 

, «Growth rates, where given, indicate the radial growth on 2H-peroent malt agar at a room temperature 
of approximately 75® F. 
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Ceratostomella known to infect pine lumber in the southern mill yards. 
This characteristic, together with its dark-brown mycelium, makes it 
easy to identify soon after it appears in culture. The surface of the 
cultures usually becomes covered by a conspicuous growth of gray- 
brown matted mycelium and conidiophores, but in less vigorous cul¬ 
tures there is sometimes no apparent aerial mycelium. 

Ceratostomella pilifera (Fr.) Winter « 

Hate of growth, 14 mm in 5 days. 

There is difference of opinion as to the validity of the name nsed for 
this fungus. Miinch (11) considers it, as used by earlier mycologists, 
to refer to a group of fungi consisting of several distinct species. 
In North America, however, it has come to refer in general to the 
species described by Hedgcock (7) under that name. 

The mycelium of Ceratostomella pilifera soon becomes smoke- 
colored and finally dark gray-black in the substratum. C. plurimi’- 
nulata Hedge, is the only other species studied by the writer which 
has mycelium of similar color and rate of growth, but it differs from 
C. pilifera in that segments or areas of the mycelium may remain 
entirely hyaline. Tlie perithecia of C. pluriannulata also mature 
much earlier than those of C, pilifera^ often forming on the hyaline 
mycelium as well as on the dark areas. 

Ceratostomella multiannulata Hedge, and Davidson, n. sp. (fig. 1, A-D). 

Myeelio ])rimum hyalino, brunncscente, demum oi)8curc brunneo, supra e 
conidiis ali)o-pulveruleiito; peritheciis nigris, subdepressis, plerumque 160g-260g 
altis, 170m“275m latis, e ccllulis obscuris globosis rugosulis; rostellis perlongis, 
4-8 mm, e basi 48m-66m ad apicem 14m‘“16m iu diam. attenuatis, 6~9 animlatis, 
circum ostiolum 12-16 filamentis brevibus rigidis filaments 6/i-12m longis praeditis; 
ascosporis hyalinis, paulo curvatis, 1.2/ii-1.4MX2.8M"3.8ft, saepe conglobatis; 
conidioplioris hyalinis, 3m 5m latis, 70m-180m longis; conidiis 5- 10 caespitosis, in 
apice inflate denticulato enatis, hyalinis, simplicibus, una extremitate acutis, 
2m-'3.2mX6m-25m. 

Mycelium hyaline at first, becoming light brown in 4 or 5 days, and finally 
very dark brown, surface at first covered with a white powdery growth of conid¬ 
iophores and conidia; perithecia begin to form when mycelium turns brown and 
mature in a day or two, are black, slightly flattened, 160m to 260m high by 170m 
to 27r)M broad, covered with dark globose cells which give a roughened appearance, 
necks very long, 4 to 8 mm, tapering from 48m to 65m thick at the base to 14m to 
16m sf the apex, multiannulate finally having 6 to 9 annulae, 12 to 16 short stiff 
filaments, 6m to 12m long, arou^id ostiole; ascospores hyaline, slightly curved, 
1.2m to 1.4m by 2.8m to 3.8m, often in bunches; conidiophores hyaline, 3m to 5m 
thick by 70m to 180m long; conidia borne at enlarged denticulate apex in groups of 
5 to 10, hyaline, one-celled, pointed at one end, 2m to 3.2m by 6 m to 25m. 

Rate of growth, 10 mm in 5 days. 

On pine lumber (nos. 59039 type, 59040, and 59041)’ collected at Laurel, 
Miss., May 1932; Natalbany, Lk., (no. 59042) June 1932; and Caryville, Fla., 
June 1932. 

This species was isolated and studied by Hedgcock in 1924, but a 
description of it has never been published. It differs from Ceratos- 
tomella pluriannulata in having much longer and more pluriannulate 
necks on the perithecia, in having the perithecia roughened with glo¬ 
bose cells, and in having a more distinctly brown mycelium in culture. 

«This fungus is possibly the same as the European species CeratoitomeUu etterulea Miinch 
7 These are numbers used by the Division of Forest Pathology, Bureau of Plant Industry, U. S. Depart¬ 
ment of Agriculture, and designate diilerent strains of the fungi studied in culture. Transfers from all 
type cultures have been deposited in the myoological collections of the Bureau of Plant Industry. 
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None of the cultures obtained in 1931 was identified as this species, 
but samples of stained pine boards from which isolations were made 
in 1931 have perithecia of (7. multiannulata on them. 

Ceratostomella obscura, n. sp. (fig. 1, E-J) 

Mycelio primum hyalino, ad substratum appresso, dein pallide griseo-viride, 
numquam obscurissimo; mycelio conidiofero fere invisibili, graphia mox formaritc; 
peritheciis tarde formatis, saepe absentibus, nigris, fere glabris, sphaericis, 90 m- 
150m diam.^ rostellis 200m-420m loiigis, fere cylindricis, basi 30m-45m, apice 25m-40m 
diam., filamentis ostiolaribus setiformibus, 25m-35m longiS) acutis; ascosporis 
membrana gelatinosa vestitis, reni|ormibu8, 1.5m~2.2m X 3.4m (membrana 
excludente) a hyalino pallide brunneis in massa; stipibus graphium 100m-700m 
altis, 15m-70m diam., saepe e hypha singula oriundis, pallide brunneis vel hyalinis; 
conidiis ramis penicillatis mycelii vel synnematibus distinctis enatis, hyalinis, 
2 m-3.5m X 5m—10m. 

Mycelium hyaline at first, appressed to substratum, becoming light gray-green 
in 4 to 5 days, never very dark; conidial growth at first almost invisible, graphia 
soon forming; perithecia slow to form, often absent, black, nearly smooth, spher¬ 
ical, 90m to 150m in diameter, necks 200m to 420m long, almost cylindrical 30m to 
45m at base to 25m to 40m £tt ostiole, ostiolar filaments bristlelike, 25m to 35m long, 
pointed; ascospores covered with a gelatinous sheath, kidney-shaped, 1.5m to 
2.2m by 3.4m, not including sheath, hyaline to light brown in mass; stalks of 
graphia 100m to 700m high by 15m to 70m thick, often originating from single 
hypha, light brown or hyaline; conidia borne on brushlike branches of the myce¬ 
lium or on distinct synnema, hyaline, 2m to 3.5m by 5m to 10m. 

Rate of growth, 17 mm in 5 days. 

Isolated from pine log (59046 type) at Bogalusa, La., in June 1932, and at 
Cary vine, Fla., (59047) June 1932. 

This species was isolated only twice and iirobably is of little im¬ 
portance as a staining fungus, but it is of interest because of the 
Oraphium-like imperfect stage, which is somewhat similar to that of 
Ceratostomella ips. Perithecia are seldom found. None were ever 
observed in sin^e ascospore cultures, which formed graphia readily. 

Ceratostomella pini Munch 

Rate of growth, 25 mm in 5 days. 

The writer has not made a detailed study of this species, but the 
culture isolated at Laurel, Miss., fits the descriptions given for it. 
This isolation has a very dense, conspicuous, white growth of conidio- 
phores over the surface, in which respect it is similar to what Rum- 
bold (15) describes as the eastern strain’^ of C. pini. 

Ceratostomella pluriannulata Hedge. 

Rate of growth, 12 mm in 5 days. 

This species usually occurs on hardwood logs and lumber, but was 
occasionally isolated from pine wood. Hedgcock (7) first described 
this fungus, and it was later found in Europe. The manner in which 
it differs from Ceratostomella pilifera and C. multiannulata is covered 
in the discussions of those two species. 

Eridoconidiophora coerulescens M finch (fig. 2, D) 

Rate of growth, 33 mm in 5 days. 

The microscopical and^ macroscopical characters of this fungus are 
identical with those of Endoconidiophora cqerulescens as described by 
Lagerberg, Lundberg, and Melin (9). In t^ southern United States 
it was isolated only from hardwoods, while in Europe it is reported 
only on spruce and pine. This difference in substratum indicates 
that there may be a varietal difference between the European and 
American species. However, a fungus recently collected (in 1934) 
on jPseudotsuga taxiiolixi Brit, by H. E. Parks in Humboldt County, 
CMif., has been identified by the writer as E. coerulescens. This 
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indicates that it does occur on some coniferous hosts in North 
America. Another recent isolation by the writer from yellow poplar 



FitiVBX 2—A-C, Endoconidiophora monUifarmUt (Hedge.): A, Peritbecium(X220); B,co&idiopboresand 
endooonidia (X 1,000); C, ascoapores in gelatiiious sheath (X 1,000). i>, ConidiophoFes of Endoconidia^ 
phora eoeruUteem MOnch (X 1,000). E. fimbriota (£U. and Hals.); Mature peritheciiixn 

(X 220); P. ascospores (X 1,000); 0, conidlophores and endoconidia <X 1,000); H, oonidfophore and 
brown endooonidluni (X 1,000). 

collected in Clarendon, Va., also proves it to be more widespread in 
this country than the earlier study would indicate. 
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This species produces a very characteristic and penetrating odor 
both in culture and in the lumber yard. This odor differs noticeably 
from that produced by any of the other Endoconidiophora species with 
which the writer has worked. Lagerberg, Lundberg, and Melin (9) 
state that the Swedish E, coerulesceris has an odor which ia due to the 
production of amyl acetate. 

Endoconidiophora moniliformis (Hedge.), n. comb, (fig. 2, A~C) 

Ceratoatomella moniliformis Hedge., 1906, Mo. Bot. Card. Ann. Kept. 
17: 59-]14. 

Mycelium remains hyaline for 5 to 6 days, then gradually becomes light brown; 
odor similar to banana oil; perithecia form in 1 to 2 days and mature in 2 to 3 
days, black, often elongate and lying on their sides with beaks p’rojecting upward 
at an angle; 170/4 to 260/x high by 150/i to 210/* broad, covered with brown bristles 
3/t to 3 . 5/4 thick by 18/4 to 60/4 long, necks black, 550/4 to l, 000/4 long, 30/4 to 36/4 
thick at the base to 14/4 or 15/4 at apex, ostiole surrounded by a few (8-12) hyaline 
filaments 15/4 to 25/4 long; ascospores broadly ovoid 2/4 to 2 . 8/4 by 4/4 to 5 / 4 ; en- 
doconidiophores of two kinds, one long and attenuated to small diameter ( 2 . 5/4 
to 3 / 4 ) at apex and producing narrow hyaline cylindric endoconidia 2 . 5/4 to 3/4 by 
6/4 to 10 / 4 , the other shorter and enlarged slightly above ( 4 . 5/4 to 6 / 4 ), producing 
hyaline, short, thick, barrel-shaped conidia, 4 . 5/4 to 6/4 by 5/* to 7 / 4 , in long rnonili- 
forin chains. 

Rate of growth, 38 mm in 5 days. 

This species was the most common one found on hardwood logs 
and lumber, but produces a less conspicuous stain than Endoconidio¬ 
phora coerulescens because its mycelium is hyaline or very light brown. 
It may be identified by the pear-shaped perithecia, w’^hich are often in 
a partially reclining position. The perithecia, unlike those of R. 
coerulescens, appear almost smooth under the band lens. 

Endoconidiophora fimbriata (Ell. and Hals.), n. comb. (fig. 2, E-H) 

Ceratocystis firnbriata Ell. and Hals., 1890, N. .). Agr. Expt. Sta. Bull. 
76: 14, 

Sphaeronema fimhriatum (Ell. and Hals.) Sacc., 1892, Syll. 10 : 215. 
Cferalostomella firnbriata (Ell. and Hals.) Elliott, 1923, (Abstract) 
Phytopathology 13: 56. 

Rate of growth, 11 mm in 5 days. 

This fungus was isolated only once from a brow^n-stained beech 
board and is probably of little importance as a stainer of lumber. It 
is of interest, however, in that it brings to three the number of species 
of this genus found inhabiting hardwood lumber in the southern 
United States. 

As in Endoconidiophora coerulescens (fig. 2, D) and £*. moniliformis 
(fig. 2, B), this strain of E.Jimbrmta has two distinct types of endo¬ 
conidia (fig. 2, (7). In all tliree species one type is narrow and 
cylindrical in shape and the other barrel-shaped. Conidia of the 
second type have been observed, however, only in the strain of E» 
firnbriata obtained from wood. 

A third type of endogenously formed spore has been commonly 
described for the sweetpotato strains of Endoconidiophora firnbriata, 
as illustrated hy Andrus and Harter {l,figs, Cand D). Onl^ a few of 
these spores (fig. 2, H) were produced by the strain obtained from 
lumber. Unlike the first two types of conidia, this type is brown 
and at maturity is considerably lazier in diameter than the conidio- 
phore on which it is produced, Tms type of conidial formation is 
more nearly approached in E, adiposa (fig. 3, B and D) and E. para- 
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doxa (fig. 3, //), which are also dark-spored species. This spore form 
has not been observed on E, coerulescens or E, moniliformis. 



FiouRi Endoeonidiophora ttdipotn (Butler): A and B. Conidiophores and endoconidia from 

culture Isolated from Meocharis (X 1,0(X)): C and B. conidiophores and ends-cononidia from culture 
isolot^ from basket veneer (X 1,000); K, tip of peritheclal beak (X 220); F, ascospores (X 1,000); 
O and Ht Endoconldiophora paradttxa (de Seynes), conidiophores and endoconidia <X 1,000). 

The following two species were not obtained in this investigation 
but are included to complete the group of endocnnidial species. 
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Endoeonidiophoro ad^posa (Butler), n. comb. (fig. 3, A-F) 

Sphaeronema adipoaum Butler, 1906, India Dept. Agr. Mem., Bot. 
Ser., 1, (3), 53 pp. 

Ceratoatomella adipoaum (Butler) Sartoris, 1927, Jour. Agr. Research 
35: 577-585. 

Rate of growth, 50 +mm in 5 days. 

This species has been isolated from moldy basket veneer in Balti¬ 
more, Md., by Hedgcock, and from Eleocharis tuberosa (Roxb.) 
Schult., from China. The dark endoconidia are produced in great 
abundance. They vary in surface echinulation from the large spiny 
ones illustrated by Sartoris {16^ jig, E) to the slightly roughened 
ones shown herein (fig. 3, B and D), Also, great numbers of smooth 
spores are produced, most of which are hyaline (fig. 3, (7). These 
conidia are not exactly comparable to the two types of hyaline conidia 
produced by Endoconidiophora coerulescens and E, monilijormis^ 
although they are siniilar in some respects. Butler (^) has thoroughly 
described this considerable variation in endoconidia of E. adiposa. 
Such great variation has not been found in the endoconidia of the 
other species studied. 

Endoconidiophora paradoxa (De Seynes), n. comb. (fig. 3, G and H) 

Sporoachiama paradoxum De Seynes, 1874, Recherches V6g4t. Inf. 
Ill, p. 30, 

Thielaviopaia paradoxa (De S^mes) Hohn, 1904, Hedw., 43: 295. 

Ceratoatomella paradoxa (De Sevncs) Dade, 1928, Brit. Mycol. Soc. 
Trans. 13: 184-194. 

Rate of growth, 45mm in 5 days. 

The conidial form of this species was obtained by the writer along 
with E. adiposa from Chinese Eleocharis tuberosa. Spores of the 
hyaline cylindric type (fig. 3, 6) were produced in great abundance, 
as were also the smooth, dark conidia (fig. 3, //). The latter are more 
nearly like those of E, adiposa in the way in which they are formed, 
but the hyaline ones are very similar to the hyaline cylindric spores 
produced by E, coerulescens, E. monilijormis, and FJ, jimbriata, 

FUNGI IMPERFECTI 

A number of additional fungi which may cause some staining of 
wood were occasionally isolated. They belong for the most part to 
unrelated groups of the Fungi Imperfecti. Diplodia was found to be 
the most common genus present in freshly stained lumber and logs. 
Botryosphaeria ribis Gross and Dug., which is very similar to Diplodia 
nalalensis in culture, was obtained a number of times from somewhat 
weathered boards, but was never found in freshly stained lumber. 
Hormodendron cladosporioides (Fres.) Sacc. was not obtained from 
stained wood during this investigation, although it is described by 
Lagerberg, Lundberg, and Melin (9) and by Hedgcock (7) as a 
common staining fungus. 

The other imperfect forms, with the possible exception of Oraphium 
^idum, were not important as staining fungi on newly sawed lumber 
in the localities where this study was made. Some of them, such as 
Cadophora, may stain wood when present, but they seldom appeared 
in ciuture during the investigation. Difficulty was experienced in 
classifying some of these forms from descriptions. In the case of 
Cadoj^ra it is not definitely known whether the species given herein 
are the same as those described by Kress et at. {8), Cadophora 
btunnescens is probably the same species as the one they illustrated 
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(S, pi, 20j figs, 3 and 4), Another fungus they illustrated (S, pi. 20, 
fig. 2) is probably another species of Cadophora which differs from 
either of the species described here. 

Diplodia natalensis P. Evans 

Rate of growth, 45 mm in 5 days. 

Diplodia natalensis grows more rapic^ in culture than any other 
fungus isolated from stained wood. The mycelium is white and 
fluffy at first, but the aerial mycelium soon becomes dark gray and 
the substratum black. Sclerotia containing pycnidia and spores 
usually form in older test-tube cultures when grown on 2}^ percent 
malt agar, but fruits are more readily produced in flasks or test tubes 
of com-meal mush. 

This species is no doubt one of the important blue-staining fungi 
occurring in the South. It was always associated with stain in the 
samples of lumber from which it was isolated. 

Diplodia megalospora Berk, and Curt. 

Sphaernpsiit ellisii Sacc., 1864, Syll. Fung. 3: 300. 

Rate of growth, 45 mm in 5 days. 

This species differs from Diplodia natalensis in having larger spores. 
It is a common fungus and is known to stain the stems of small infected 
pine trees a dark blue-gray, 

Cadophora brunnescens, n. sp. (6g. 4, E and F) 

Mycelio primura hyaUno, dcin pallide brunnescente, demum obscure brunneo, 
mycelio aerophilo brunneo, recte caespitoso, hyphis obscure brunneis, septatis, 
2.6/ut-4M diam., plerumque in fasciculis flagelliformibus dispositis; conidiophoris 
numcrosissimis, uniformiter super fasciculos et hyphas singulas distributis, 
brcvibus, 10ai-25m longis, e basi 2.5m 4^ ad apicem 1.2m-'2m diam. attenuatis, 
apice pallide brunneo coUari munitis; cortidiis endogenis, primum hyalinis et 
ovoideis cylindricisve, 1.2m'3m X 3m-Sm, dein globosis, pallide brunneis, 1.6m-3m 
diam. 

Mycelium, at first hyaline, becoming light brown in 3 days, then dark brown, 
aerial mycelium brown, erect tufted, hyphae dark brown, septate 2.5m to 4m in 
diameter, usually in whiplike strands; conidiophores very numerous, uniform over 
whiplike strands and on individual hyphae, short, 10m to 25m long by 2.6m to 4m 
thick at base and tapering to 1.2m to 2m above with light-brown flaring collar at 
apex; conidia formed endogenously, liyaline and ovoid or cylindriq at first, 
1.2m to 3m by 3m to 8m, later globose and light brown 1.5m to 3m in diameter. 

Rate of growth, 5.5 mm in 5 days. 

Isolated from pine log (69044 type) at Caryville, Fla., June 1932, and from old 
red gum board (69048), Urania, Xa., June 1931. 

This species is somewhat similar to Cadophora fastigiata Lagerberg 
and Melin, but it is brown, whereas C.fa^tigiata is dark gray to black, 
and its conidia are more variable in size and shape than those of 
C, Jasiigiata. 

Cadophora repens, n. sp. (fig. 4, D) 

Mycelio in agaro (malt) primum hyalino, dein pallide brunnescente, demum 
obscure brunneo, ad substratum appresso, raris cirrhis aerophilis exoeptis, 
hyphis brunneis, 2m““4.5m diam., saepe in fasciculis dispositis; comdiophom 
plerumque in ramis brevibus caespitulosis, parvis, 10 m*-16m longis, e baw 2 m~3m 
ad apicem Iti-l.bti attenuatis, hyalinis vel pallide brunneis; conidiis endogenis, 
hyalinis, cylindricis, interdum curvatis, Im-I.Sm X 2.6m~8m- 

Mycelium, on malt agar, hyaline at first, becoming light brown in 6 days and 
finally dark brown, oppressed to substratum except for a few aerial tufts of 
hyphae; hyphae brown 2m to 4.6m in diameter, often in strands; conidiophows 
usually grouped on short branches, small, 10 m to 15 m long, tapering from 2 m to ^ 
at base to 1 m to 1.5 m at apex, hyaline or light brown; conidia endogenously formed, 
hyaline, cylindric, sometimes curved, 1 m to 1.5 m by 2.5 m to Sm* 

Rate of growth, 22 mm in 5 days. _ ^ 

Isolated from pine log (59045 type), Caryville, Fla., June 1982. 



804 


Journal of Agricultural Research 


Vol. S0» no. 10 


This species is distinct because of its very rapid growth in culture 
and the grouped conidiophores. The conidiophores are usually 



Fiouee 4.— Leptographium micriuporum: Ay Basal portion of group of conidiophores (X 220). B, 
mx of sporulation oonidlopbore (x 1,000). C, oonidia (X 1,000). B, Conidiophores and conidia of 
Cadophora reperu (X 1,000). E and F, Cadophora brunnesceTta: E, Hopelike strand bearing conidiophores 
(X 1,000); Fy single hyaline hyphae bearing conidiophores (X 1,000). O, Conidia of AUemariu sp. 
(X 1,000). 

hyaline or very light brown at the base and have no distinct flaring 
‘collar at the apex. The spores are always hyaline. 
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Leptographium microsporum, n. sp. (fig. 4, A~C) 

Mycelio primum hyaliiio, byssoideo, demum obscure griseo et densissime 
intertexto, conidiophoris teiiuilius dense tectis; conidiophoris longe pediccllatis, 
d/u-lpM diarn., r25Ac -500M longis, apice e capitulo penicillato praeditis, ramis 
terminalibus hyalinis, apice conidia miico-conglutinata gerentibus; coriidiis 
parvis, O.Q/u-l-S/i X 2.5 m"3.5m, hyalinis, interdum leniter curvatis. 

Mycelium hyaline, cottony at first, finally dark gray and densely matted, 
covered with dense formation of fine conidiophores; conidiophores long-stalked, 
5m to 10 m in diameter by 125m to 500m long, with a brushlike head at apex, ter¬ 
minal branches hyaline and bearing conidia at their apex which cling together in a 
mucous mass; conidia small, 0.9m to 1.5m by 2.5m to 3.5m, hyaline, sometimes 
slightly curved. 

Rate of growth, 7.5 mm in 5 days. 

Isolated from beech board (59043 type) at Laurel, Miss., May 1932, and from 
red gum board (59050) at Bogalusa, La., June 1931. 

Tho conidiophores of this fungus are similar to those of Lepto¬ 
graphium penicillaium Grosmann (6‘) in manner of branching, but 
there are usually 2 to 5 formed together at rhizomelike nodes as in 
Scopularia venusta Preuss (10, p. 745). 

The boards from which this fungus was obtained had previously 
been stained by Endoconidiophora coerulescens and also contained 
Graphium rigidum . 

Ilormonerna pullulans (De Bary) Lagerl^erg and Melin 

HormiHcitim gelatinosum Hedge., 1906, Mo. Bot. Gard. Ann. Rept. 17: 59. 

Rate of growth, 11 mm in 5 cla\ s. 

This fungus more nearly fits the description given by Robak (13) 
for Ilormonerna pullulans. Cultures isolated by the writer formed no 
aerial mycelium but remained entirely smooth on the surface of the 
substratum. 

Tliis species seemed to cause little stain in the fresh lumber from 
which it was isolated. It was found in slightly stained old boards and 
may be the cause of considerable staining in such material. It was, 
of course, difficult to determine definitely just which or how many 
fungi were responsible for this latter stain. 

Ifelminthosporium geniculatum Tracy and Earle 

Rate of growth, 9 mm in 5 days. 

This is a slow-growing fungus which was obtained from pine boards 
placed in the yard for only a few days. It is possible that infection 
occurred when sample boards were dropped on the grass that grew 
at the sides of the lumber pilfes. Species of Ceratostomella were always 
present in the boards from which it was obtained. 

This fungus is characterized by its curved brown spores and cylindric 
sclerotia, both of which ai*e produced in culture. 

Graphium rigidum (Pers.) Saco, 

Rate of growth, 12 mm in 5 days. 

This species of Graphium is very common on hardwood logs and 
lumber, where it is usually associated with Ceratostomella pluriannulata 
and Endoconidiophora coendescens. In culture the mycelium is very 
similar in appearance to C. pluriannulata, but it fruits readily, so was 
not confused with that species. 

Alternaria sp. (fig. 4, G) 

Rate of growth, 14 mm in 5 days. 

White fluffy mycelium at first, becoming mouse-gray and the substratum dark 
gray-black; conidiophores form on the older mycelium, usually on or near the 
substratum, dark brown, 3m to 4.5m thick, long or short, septate; spores varying 

143910-36-2 
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f reatly in shape and size, 8 m to 15m by 16m to 36m, dark brown muriform. Usually 
or 4 cross walls with one longitudinal septum through the larger part of the 
spore. 

At Laurel, Miss., this fungus was frequently one of the first to be 
cultured from the boards, but it could never be definitely associated 
with stain. 

SUMMARY 

A study made in several localities of the southern United States 
showed that species of Ceratostomataceae were responsible for most 
of the initial blue stain in lumber and logs. Ceratostomella ips and 
C, pilifera were most frequently isolated from recently stained pine 
logs and lumber, and Enaoconiiiophora coervlescens, E. moniliformis^ 
and Ceratostomella pluriannulata from stained hardwood logs and 
lumber. 

A number of Fungi Imperfecti were also obtained from stained 
lumber, but Diplodia natalensis and Graphium rigidum were the only 
ones of this group which seemed to be of considerable importance. 

Two new species of Ceratostomella were obtained from pine. One 
of these, C, multiannulata, was the most common species found 
fruiting on lumber but seemed to cause little discoloration in the in¬ 
terior of the wood. C, ohscura, the other new species, was obtained 
only twice from stained pine logs. 

The genus Endoconidiophora has been retained for those species of 
Ceratostomella having endoconidia. Three species were isolated from 
lumber and two others were studied and placed in this genus. 

Three Fungi Imperfecti, Cadophora hrunnescensj C. repens, and 
Leptographium microsporum, obtained from stained wood, are de¬ 
scribed as new species. They do not seem to be of much importance 
as wood-staining species. 
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EFFECT OF ANNUAL GRASS FIRES ON ORGANIC MATTER 
AND OTHER CONSTITUENTS OF VIRGIN LONGLEAF 
PINE SOILS 1 

By S. W. Greene ^ 

Associate animal hushandmanj in charge McNeill (Miss.) Experiment Station^ 

Animal Husbandry Division^ Bureau of Animal Industryy United States Depart-- 

ment of Agriculture 

INTRODUCTION 

The winter burning of dead grass left unconsumed by grazing ani¬ 
mals from the growth of the previous season is a world-wide practice 
of very ancient origin, particularly in humid regions where uncut 
grass does not cure into palatable winter forage. By the use of grass 
fires the Indians maintained open grazing lands for the bison and 
prongliorn antelope, the largest herds of grazing animals that the 
world has known. This practice of the Indians was considered bene¬ 
ficial to the land and was continued by white men, particularly in 
the humid longleaf pine region of the South, as a means of keeping 
down the underbrush and improving the pasturage for cattle. In 
the longleaf pine region a large part of the virgin soil is burned over 
each year. Hiigard (fO, p. writing of the longleaf area of 

southern Mississippi, stated: 

^^The land * * * affords but indifferent pasturage, except 

tlie first season after burning-over; probably because of the effect of 
the minute amount of aslies so added. 

Referring to the effect of grass fires on forest growth. Harper (S, 
p. 668) in 1913 stated: 

♦ ♦ * they return immediately to the soil the mineral plant food stored up 

in the leaves.' The amount of the available plant food in the soil of the pine 
forests is usually rather limited, and these frequent fires thus enable the pine to 
do business on a small amount of capital, as it were. 

The literature does not seem to record any conflict with the em¬ 
pirical observations of the users of grass fires until recent years^ when 
objections to the use of fires were made on the theoretical basis that 
the fires destroy organic matter and nitrogen to the detriment of soil 
fertility. The general unsupported argument against the use of fire 
was stated by Van Hise (24, p. 238) in 1910, as follows: 

The fires do not simply confine themselves to the timber, but they burn the 
humus in the soil itself. Frequently, after a great forest fire, and especially if 
the fires run over the same area two or three times, there is left of the soil, sand, 
and other minerals, but little of the original organic material. 

Mattoon (16, p, 48) in 1931, states: 

The leaves, or “ straw from pines contain considerable nitrogen and small 
amounts of phosphoric acid and potash. A ton might contain these essential 
fertilizing elements to the value of $2 to $4. An unburned pine woods may have 
as much as 10 to 15 tons [per acre] of leaves and other organic matter. 

> Received for publication Feb. 18, 193fi: issued July, 1935. The data rejiorted were obtained in a 
cooperative grazing and reforestation experiment conducted at the McNeill Experiment Station, McNeill, 
Miss., by the Bureaus of Animal Industry and Plant Industry and the Forest Service of the U. 8. Depart¬ 
ment of Agriculture, and the Mississippi Agricultural Experiment Station. 

> The writer is indebted to H. R. Reed, formerly of the Bureau of Plant Industry, who spent consider¬ 
able time in making the final legume counts. Acknowledgment is made also to W. F. Hand, State chem¬ 
ist of Mississippi, for analyses of soils and for determinations of the protein and ash content of grasses. 

»Reference is made by number (Italic) to Literature Cited, p. 821. 
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However, Mattoon gives no basis for his statements and does not 
indicate any way in which organic matter and nitrogen, on top of 
the virgin soil, might be recovered in the soil for the use of growing 
plants. 

RELATED INVESTIGATIONS 

Alway and Rost (2)^ from experimental work in 1918-19, found 
that burning did not influence the immediate fertility of the mineral 
soil and concluded that any loss in productivity would depend on 
the loss of nitrogen contained in the forest litter, since the mineral 
elements are returned immediately to the soil by fire. In later ex¬ 
periments Alway found that burning the forest floor as compared 
with plowing under the natural litter had no significant effect on 
crop production either immediately following (!) or over a series of 
years.^ 

Greene (7), in 1929, showed that cattle made 44.4 percent greater 
agins on burned native grass pastures than on similar unburned pas¬ 
tures over a period of 4 years. 

The literature in regard to the accumulation of humus and nitro¬ 
gen in cultivated sofls and their effect on crop production is volumi¬ 
nous. Such literature, however, is concerned exclusively with the 
problem of green manuring, or the turning under of plant residues, 
and does not consider the problem of humus and nitrogen or their 
accumulation in soils that have not been plowed and are to be han¬ 
dled as virgin soils in forests or pastures where vegetation is either 
burned or left to decay where it accumulates on top of the soil. 

The emphasis placed by popular agricultural literature on the value 
of organic matter plowed under, without regard to the quality or 
quantity of the material to be turned under, has, no doubt, created 
a tendency to overestimate the fertilizing value of vegetative growth 
on virgin soils. Moreover, the theoretical grounds on which deduc¬ 
tions may be based are not always realized in practice. Such a 
concept for virgin soils leaves out of consideration the methods by 
which nature incorporates plant residues with the soil. 

The importance of organic matter in the soil has always been 
recognized, but a sharp distinction must be drawn between organic 
matter in the soil and on top of the soil. According to Pieters (19), 
organic matter on top of virgin soils may be incorporated with the 
soil by the action of water or glaciers, by rodents, insects, earth¬ 
worms, and micro-organisms, and by tlie sharp hoofs of grazing 
animals, but chiefly by the decay of plant roots. 

Soil nitrogen in any form is derived originally from the gaseous 
nitrogen in the air and is a rather unstable and transient material, 
the gains and losses of which are perhaps not yet fully explained. 
Small quantities of gaseous nitrogen, in forms available to plants, 
are added to the soil by rainfall and by free-living micro-organisms, 
but the chief source of increase is throi^h the action of the micro¬ 
organisms associated with legumes. Jmnell and Houghton (6) 
found that 15.45 inches of rainfall in 1930 added 1.42 pounds of nitro¬ 
gen per acre. No measure of the quantity of nitrogen per acre fixed 
bv free-living organisms seems to have been obtained, and the effect 
of this class of organisms appears to be almost purely speculative. 


* Unpublished information. 
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Nitrogen is an essential element of plant growth, and the nitrogen 
content of the soil is closely associated with the organic-matter con¬ 
tent. Plants other than legumes, grown and left in place, do not add 
nitrogen to the soil but transform soil nitrogen into organic nitrogen 
with a loss to the soil in the process. Because of the known ability of 
legumes to store a considerable quantity of nitrogen extracted from 
the air, in both the root and aboveground portions of the plant, the 
maintenance or increase of nitrogen m virgin soils may depend largely 
on the character of the plant population. 

In annual legumes one-fourth to one-third of the total nitrogen 
has been found by the Mississippi Agricultural Experiment Station 
to be in the portion of the plants below ground,^ and m some perennial 
legumes nearly half of the nitrogen is in the underground portions 
(19, p. 74). 

Lyon and Bizzell (15), by lysimeter experiments, for a period of 15 
years, in which the nitrogen added by rainfall and manure and re¬ 
moved by the crops and in the drainage water was carefully measured, 
fouiid that in tanks containing growing legumes there was an increase 
of nitrogen in the soil equivalent to about 60 pounds per acre per year. 
When the tanks did not produce crops for 10 years and then grew 
iionlegiimes for 5 years, the loss of nitrogen from the soil was at the 
rate of about 25 pounds per acre per year. 

Sievers and Holtz (21) have shown that both the organic-matter 
and nitrogen increase in soils is influenced by the nitrogen-carbon 
ratio of the plants grown on the soil or turned under. 

In the mature stages of plants it has been shown by LeClerc and 
Breazeale (12) and others that leaching of the mineral elements from 
plants in place occurs in considerable quantities, but that leaching of 
nitrogen is relatively unimportant. 

Soil nitrogen is decreased by the removal of crops which contain 
nitrogen, by conversion into ammonia gas and gaseous nitrogen 
through the action of micro-organisms, both bactena and fungi, and 
by leaching. 

Heck, Miisbach, and Whitson, as reported by Clark (4), found that 
the loss of organic nitrogen froan manures on the ground in free circu¬ 
lation of air is much more rapid than below ground. The same rela¬ 
tion between nitrogen in the aboveground and below-ground portions 
of mature plants would be indicated. 

Nitrate nitrogen, the form most available as a plant nutrient, is 
readily soluble and is quickly leached away if not taken up by growing 

E lants. Lyon and Bizzell (14) have shown that the loss of nitrogen 
y leaching was 17 times as much on uncropped land as on cropped 
land. Because of the loss of nitrogen both as anunonia and as nitrate 
on uncropped land, the use of winter cover crops as well as suimner 
growing croi>s is generally advocated to conseiwe nitrogen on tilled 
soils in humid areas with mild winters. On vii^in soils a constant 
maximum growth of herbage is indicated to conserve soil nitrogen. 

The foregoing references underlie the concept derived from the 
experimental data to be presented. Although fire has, no doubt, been 
the most violent if not the most active chemical reaction present on 
the soil of the virgin longleaf pine re^on and is known to have a very 
active influence on the plant population of virgin soils, no data other 


A Unpublished Information. 
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than the limited work cited have been found showing the influence of 
frequent or annual burning on the fertility of the soil, as compared 
with protection from fire. 

EXPERIMENTAL PROCEDURE 

A tract of 320 acres of virgin land near McNeill, Miss., reproducing 
to longleaf pine about 20 years after the virgin timber had been re¬ 
moved, was fenced and divided into four experimental peas in 1923. 
Previously the land had been unfenced open range, subject to annual 
or periodic burning and lightly grazed by cattle. Since the fenced 
area was a part of a large area of open land with no natural barriers 
to fire or grazing, it is believed that the areas as divided had received 
uniform treatment before being fenced. This area is typical of the 
rolling longleaf pine hills of southern Mississippi. It has an eleva¬ 
tion of 230 feet, and is well drained, as are the soils of the heavier type 
in longleaf pine areas. 

Two areas of 150 acres each were grazed, one of which was burned 
annually during winter or early spring, beginning in 1923. Two 10- 
acre areas were not grazed, and one of these was burned annually. 
A detailed soil map of the area, made by the Bureau of Chemistry and 
vSoils of the United States Department of Agriculture, was us(»d as an 
aid in establishing the experimental areas and plots. 

No soil analyses were made at the beginning of the experiment, 
since the studies undertaken concerned mostly problems of forage 
production. Soil analyses were made later in seeking an explanation 
of differences in forage growth under different treatments. Detailed 
studies of the variations in the plant i)opulation were made ann\iallv. 

To determine the effect, on the soil, of burning the grass annually 
over a considerable period of time, analyses were made of soil samples 
collected on April 23, 1929, about 3 months after growth had begun in 
the spring and during the sepon of flush growth, and on January 10, 
1930, during the dormant period. As it was recognized tluitindividual 
samples might vary in chemical composition within a radius of a few 
feet, five random samples were taken to a depth of 6 inches for eacli 
soil type, and these five were mixed thoroughly to form a composite 
sample.® In addition to the principal studies relating to organic 
matter and nitrogen content of the soil, other tests dealt with density 
of plant growth, moisture content, and micro-organisms in soil from 
burned and imburned areas. 

EXPERIMENTAL RESULTS 

ORGANIC MATTER AND NITROGEN 

Table 1 shows the content of organic matter and nitrogen from 
moisture-free samples of soil on the dates mentioned. 

In samples taken in April the average organic-matter content of 
soil from the burned areas was 3.17 percent as compared with 2.59 
percent for the unburned areas, or a ratio of about 1.2:1. The corre¬ 
sponding %ures for nitrogen content were 0.047 and 0.056, or a ratio 
of about 0.9:1. Although the samples collected in April showed a 
variation in organic matter in favor of the burned areas in each 
instance, th e proportion of nitrogen to organic matter was sometimes 

«Soil ^ples were by the SoutherB Fofest Experiment Station of the tJ. 8. Forest Servitse. 

analyses were made by W. F. Hand, State chemist of Mlssisslpj)!. 
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Table 1.- —Organic matter * and nitrogen in composite samples of moisture-free 
soils taken Apr. $3, 1929, and Jan. 10, 1930, from soils subjected for 7 and 8 
years, respectively, to the treatment indicated 


APRIL 23, 8AMPLKS 




Ufared area 


Ungrazetl area 

Soil tyii« * (fine saruiy loam) 

Burned 

Unburned 

Burned 

__ _ . . 

Unburned 


(JrKanie 

matter 

Nitrogen 

Organic 

matter 

N itrogen 

Organic 

matter 

Nitrogen 

Organic 

matter 

Nitrogen 


Percent 

Percent 

percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Orj^r.ReburK . 

2.41 

0.033 

2.30 

0.0.50 

2.47 

0.045 

2,33 

0.040 

\orfolk--_ _ . .. _ 

3 3fi 

.046 

2.62 

. 0.50 

2.67 

050 

(*) 

(») 

Huston.. . 

4.81 

. 0f»3 

2.40 

.050 

0) 

(’) 

2.08 

.0.50 

Kalrnia.. . . 

3 2f) 

053 

2.89 

.090 

(3) 

(3) 

0) 

(3) 

A\erap:e.-.. 

3. 47 

.046 

2.55 

.060 

2.57 

.047 

2 65 

.045 


JAM ARY 

10. im SAMPLES 




OranfrelmrR .. . . 

3 (12 

0 0(1 

2.26 

0.04 

4 2! 

0. 07 

2 85 1 

0 05 

Norfolk . ... _J 

3 87 

.06 

2 87 

.a5 

3 HH 

.07 

(*> 1 


Huston - .. I 

3 47 

07 

2 41 

04 

(}) 

1 (») 

2 24 ! 

.04 

Kalin hi . .j 

(5. IM) 

1(1 

3. 1.5 

07 

0 ) 

1 0 ) 

(») 

(3) 

A \ eni"e. ; 

} 40 

.07 

2 67 

.05 

4 05 

~07 

2. .54 

.04 


* Analysis nnuip 1>> iirnition method. 

* For flcscrlption see soil survey by Smith ami Carter (?-?). 
a No sample uiken. 


in favor of the burned areas and sometimes in favor of the imburned 
areas. It is known that tlio available nitrate nitrogen is taken up 
rapidly in the early flush of forage growth. A simple calculation from 
the known yields ami analyses of the forage shows that the difference 
in nitrogen content for different areas, after the growing season had 
advanced approximately 90 days, may have been sumcient to be 
reflected in the analyses of the soil. 

The soil samples taken January 10, 1930, during the dormant 
period of plant growth for the region, were repetitions of samples 
taken April 23, 1929, during the season of flush growth of the native 
vegetation of the region and after about 3 months of the growing 
season. 

In the soil samples taken in January, the variation in organic 
matter and nitrogen from burned and unburned areas during the 
dormant period for plant growth, as shown in table 1, was reasonably 
constant. The average content of organic matter in all samples from 
burned areas was4.32 j^ercentas compared with 2.63 percent for the un¬ 
burned areas, or a ratio of about 1.6:1. The corresponding average 
differences in nitrogen content were 0.072 percent and 0.048 percent, 
or a ratio of 1.5:1. The porc-entages of organic matter and nitrogen 
were in all cases higher on the burned areas. The highest percent¬ 
age of organic matter from any unburned sample did not equal the 
lowest from any burned sample. 

The differences in January between the burned and unbumed areas 
in both organic matter and nitrogen were of such magnitude as to be 
signiheant. A difference in weight of 0.01 percent in a moisture-free 
sample of soil to a depth of 6 inches would amount to approximately 
155 pounds per acre, according to the weights of Mississippi soils as 
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given by Logan {13). In terms of nitrogen for soils that are deficient 
m this element, a difference of 0,001 percent, when analysis is made 
to the third decimal point, is significant. The average difference in 
percentage of nitrogen was 0.024 percent (0.072—0.048), which 
represents approximately 400 pounds of nitrogen per acre, in favor 
of burning. This difference is equal in amount to the nitrogen in an 
application of approximately 2,400 pounds of nitrate of soda, the com¬ 
mon nitrogenous fertilizer of the region. 

The conclusion seems warranted that sampling soils for nitrogen 
during the growing season would give unreliable comparisons for soils 
that are producing crops varying widely in quantity and quality, es¬ 
pecially for soils deficient or low in nitrogen, where the current supply 
of available nitrogen is a limiting factor for plant growth. 

With respect to the soil samples taken at a time of year when plant 
growth is practically dormant, and over a large area which previously 
had been subject to uniform treatment, it is reasonable to conclude 
that the differences in soil analyses were due directly or indirectly to 
differences in the treatment while under control. 

GROWTH OF FORAGE 

Throughout the course of the experiment, the growth of forage in the 
different areas was observed annually on a series of more than 50 
rectangular plots of 0.01 acre each. 

In 1930, after 8 years of annual burning as compared with complete 
fire protection over the same period, weights were taken of forage on 
burned and unburned areas where neither had been grazed (table 2). 
Two of the 0.01-acre plots were used for each of the two predominating 
grasses, Andropogon scoparius (little blues tern) and A. fever y whore 
they were growing in practically pure stands, and two plots for mixed 
stands. These were selected in the open, away from shade and only 
a few yards apart on each side of the fire line so that all conditions 
would be the same except the factor of fire. 

Table 2. — Yield per acre^ of the predominating grasses on ungraded areasy burned 
and unhurnedy for 8 years 


Kind of grass 


Andropogon acopariua. 

A. tener . 

Mixed stand.. 

Average.. 


» The grasses were clipped about one-half inch above the ground. 


i Green j)lant r>er acre 

I 

Burned 

area 

IT n burned 
area 

Pounds 
5,121 
0,957 
5,749 

Pounda 

8.623 

1,200 

2,415 

5.942 

2,416 


The differences in weight on the burned and unburned areas were 
due chiefly to the reduction of stands (smaller number of plants per 
acre) on the unbumed plot, although there was a reduction in the vigor 
of CTOwth on this plot as shown by the characteristic spindly growth 
of mants that are required to grow through a mulch that reduces light 
in we early stages of growth. The average of the maximum heights 
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of the plants on the plots studied in the burned area was 20 inches. 
The corresponding figure for the unburned area was 30 inches. From 
these studies it appeared that the density of the grass growth on areas 
that were not burned was reduced from year to year by the smother¬ 
ing or mulching effect of the dead debris of the grasses themselves. 
On unburiied areas where the grasses were further blanketed by 
the ^^strawfair' from pine saplings, forage growth was almost com¬ 
pletely eliminated in the course of a few years. This reduction in 
forage growth through the action of dead debris on imbumed land is 
cumulative from year to year and is most rapid where the forage is not 
grazed by cattle. 

Laird (11), working with five important sod-forming grasses under 
pasture conditions, found that approximately 50 percent of the dry 
weight of the plants was in the root system and that most of the weight 
of the root was in the 8 inches just below the surface of the soil. 

On the experimental area 30 species of native legumes,^ most of 
which are perennials, occur in considerable abundance. In 1931, after 
9 years of burning, counts of the legume plants were made in each of 
the 0.01 -acre plots in the four experiments areas. From these counts 
the number of legume plants per acre was calculated, as shown in 
table 3. 


Table 3. —Comparison of legume plants on burned and unburned areas 


Burneti annually (0 years) 
Unburnetl. 

Differem*e... 


1 

Treatment of area 

legume plants per acre 
on— 

Grazed 

area 

Ungrazed 

area 


Number 
.15,700 j 
27.600 

Number 

41,500 

17,600 



8,100 

1 I 

23,900 



From tables 2 and 3 it appears that the cumulative smothering 
effect of unburned plant debris not only reduced the grasses on the 
protected areas but also reduced the legumes to the extent that after 
9 years of fire protection they were less than half as numerous as on 
the area burned annually over the same period, where neither area 
had been grazed. These counts confirm observations made in Georgia 
by Stoddard (^3) and in Florida by Harper (9). In the grazed areas 
the numl)er of legumes on the protected plots also was materially less 
though the difference was not so marked. 

A strip survey * of the forage cover of the entire county in which the 
experimental area was located showed that the legumes were most 
abundant on the well-drained soils. This observation confirms those 
of previous investigators. 

The burned and ungrazed area had one more legume plant for ap¬ 
proximately each 2 square feet than had the unbumed and un^azed 
area. The probable effect of this difference in legume population on 
the quantity of nitrogen gathered from the air is obvious. It is also 


^ The seeds ot 20 siiecles found at McNeill, Miss., have been determined by Stoddard (SS) to be important 
nail feed. 

• A sampling process based on studies of representative small plots at regular intervals. 
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clear that doubling the plant growth per acre would greatly increase 
the accumulation of organic matter in the soil through decay of plant 
roots. 

CRUDE PROTEIN AND ASH IN FORAGE 

It is to be expected that the difference in nitrogen in soils from 
burned and unburned areas, as shown in table 1, would be reflected 
somewhat in a difference in crude protein in forage from those areas. 
The quantity of the protein in plants indicates the fertility of the 
soil, particularly soil that is deficient in nitrogen. To compare the 
forage from the burned and unburned areas for content of crude 
protein, and also for ash, samples of the two predominating species 
of grasses, Andropogon scoparius and A» tener^ were taken in 1929 and 
again in 1931 after ? and 9 years of burning and fire control, respec¬ 
tively. Composite samples were made by cutting and mixing the 
current growth from a large number of random locations. Samples 
were taken from April to June during the flush of the earljr season’s 
growth. Table 4 presents a summary of the results obtained. No 
sample from the unburned areas equaled the comparable sample from 
the burned areas. 


Table 4. —Comparison of the average crude protein and ash content of moisture- 
free samples of grasses on burned and unburned areas 


I'reatrnent of area 


I 

Crude I 
protein 


Ash 


Burned annually (7 and 9 years) 
Unburned. 


Percent Percent 
10. lA I 7 92 

7 77 1 0 HO 


Difference. 


’AH I 1 00 


A difference of 2.38 percent in crude protein is sufficient to affect 
the feeding value of the forage, and the sale value of commercial 
feeds is determined largely by the difference in protein content. A 
difference of l.OG percent in ash also would affect the value of forage 
plants as feed (3, 20), 

MINERAL FERTILIZING ELEMENTS 

In 1930, after 8 years of burning and fire control, soil samples repre¬ 
senting the four soil types in the burned and unburned areas were 
analyzed for their content of mineral elements, namely, aluminum 
oxide, magnesium oxide, calcium oxide, potash, phosphoric acid, and 
sulphur trioxidc. The total quantity of these minerals in the ash 
was as follows: Burned areas, average of all samples, 2.581 percent; 
unburned areas, 1.899 percent; difference in favor of burned areas, 
0.682 percent. No sample from the unburned areas equaled the 
comparable sample from the burned areas. 

These analyses of the mineral fertilizing elements of the soil sub¬ 
stantiate the statements of previous investigators, already presented, 
that burning does not deplete the mineral fertility of the soil, but re¬ 
turns it directly to the soil where it becomes quicMy available for the 
growth of plants. 
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SOIL MOISTURE 

As a secondary influence of increased organic matter in the soil, it 
would be expected that soil moisture would increase because of the 
known water-holding capacity of organic matter in soil. 

The region under consideration has a heavy rainfall distributed 
throughout every month of the year, November having the minimum 
amount. The average rainfall in November over a 27-year period was 
3 inches. Ordinarhy there is no deficiency in surface moisture except 
on steep slopes or light sandy soils, although during periods of drought 
the soil moisture is rapidly reduced. 

The data obtained on soil moisture were based on samples repre¬ 
senting different soil types and varying degrees of vegetative growth. 
Individual samples collected during the growing season accordingly 
showed considerable variation with no particular trend. In view of 
the rather wide variation in organic matter for different soil types 
and the patchy vegetative ^owth on the unburned pasture, due to 
spotted grazing, it was realized that the different conditions might 
give rise to unreliable comparisons unless large numbers of samples 
were taken. Accordingly more than a thousand individual samples 
were obtained to make more than 200 composite samples. These 
represented soil from the surface to a depth of 12 inches for both 
the burned and unburned areas. 

Each of the composite samples was made up of from 5 to 10 indi¬ 
vidual samples taken wuthin a radius of about 10 feet. No sample 
was taken less than 24 hours after a rainfall. The results of this 
investigation are given in table 5. 

'I'aule 5.- Average percentage of noil moisture in samples of soil from burned and 
unburned areas^ Ajtr. jit Oct. 19SI 




Trt'suiiicnl ofaroii 

1 ('urn post te 

Moisture 

rnbiirnwl.. 
Burned , .. 


. 

1 

Number 

. 124 

.1 119 

Percent 
9.63 
9.16 

Difloreiiee-- 

♦ 

. 

. 

.17 


Table 5 shows no significant difference in the moisture content of 
the burned and unburned areas. However, in considering the 
moisture data, the wide variation between plant growth on the burned 
and unburned areas must be taken into account since a ton crop of hay 
per acre reauires the use of about 250 tons of water durii^ the period 
of its growtti {18). When the moisture taken from the soil and trans¬ 
pired by a much larger forage production is considered, the conclusion 
seems warranted that the additional organic matter in the soils on the 
burned areas must have increased their water-holding capacity to a 
considerable extent. This is further confirmed by moisture deter¬ 
minations of surface-soil samples taken in May 1930 during the flush 
of plant growth, and in December after the plant growth was mature. 
The popular conception is that a mulch of litter on top of the soil 
conserves moisture at the surface, and the samples which furnished 
the data shown in table 6 were taken to a depth of 1 inch. 
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Table 6. —Soil moisture of burned and unburned areas at a depth of 1 inch 


Condition of area 

Moisture content of 
soil > on— 

Condition of area 

Moisture content of 
soil ‘ on— 

May 21, 
1930 

Dec. 6, 
1930 

May 21, 
1930 

Dec. 6, 
1930 

Burned: 

Graced—.. 

Ungraded-. -. 

Percent 
10.3 

9 3 

Percent 

11.1 

14.9 

Unburned" 

Gra-sed. 

Ungrazed. 

Percent 

9.9 

10.0 

Percent 

9.9 

13.2 


* Rainfall for the 30 days ended May 19 was 3.25 inches and for the 30 days ended Dec. 5, 6.37 inches. Of 
these quantities 2.09 inches fell on May 19 and 0.55 inch on Dec. 5. 


Although the burned and ungrazed area produced a forage growth 
more than double that on the adjacent unbumed and ungrazed area, 
it still maintained its moisture content and ended the growing season 
with 1.7 percent more moisture. 

Mcrkle and Irvin (17) have shown that laboratory results in the 
conservation of moisture by a mulch, where the soil tubes are in con¬ 
tact with a water table, do not apply in practice to field conditions 
where no such water table exists near the surface of the soil. In the 
latter case, the conclusion seems warranted that the maintenance of 
soil moisture on the burned areas was due to the increased organic 
matter in the soil, and that the mulch of accumulated debris on the 
unburned area did not have the effect popularly described. 

Water absorbed by plant debris, in place on top of the soil, is subject 
to the same sharp division from soil moisture that has already been 
made between organic matter on top of soil and that incorporated with 
the soil. It is obvious that any water absorbed by the litter is held 
away from the soil until it is evaporated. It is obvious also that evap¬ 
oration is more rapid in the presence of free-air circulation than after 
moisture is absorbed in the soil. However, the water absorbed directly 
by the surface litter is a very small percentage of the total rainfall. 
Samples of a 9-year accumulation of three kinds of plant debris w ere 
carefully removed from measured areas on the experimental tract and 
air-dried. The quantity of water they would absorb to the saturation 
point was then determined by weight and calculated in terms of inches 
of rainfall. It was found that the maximum quantity, 0.11 inch, was 
absorbed by pine straw. Oak leaves absorbed 0.09 inch and dead 
grass 0.05 inch. 

A mulch of plant debris in humid areas appears to affect the soil 
moisture chiefly by suppressing plant growth, which would take up 
moisture and transpire it through the leaves. The quantity of w^ater 
absorbed by such litter is so small that it would not influence soil 
moisture to any appreciable extent, although it might absorb light 
showers and deprive surface-feeding plants of a temporary supply of 
moisture that would freshen plant growth in times of dry weat^ier. 
Such effects on pastures from showers are well known. It has already 
been shown that accumulated litter dhd not raise tlie soil-moisture 
content even where it has suppressed plant growth about one-half. 
Any effect popularly ascribed to a leaf litter, in this case did not com¬ 
pensate for the increased soil moisture held in an adjacent soil with a 
higher organic-matter content, although the adjacent burned-over 
sou was supporting about twice the plant growth per acre. 
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SOIL FLORA 

The micro-organisms of the soil are known to be greatly increased 
by the addition of organic matter, since the organic matter furnishes 
the energy and nitrogen necessary for growth and reproduction. 
However, counts of soil organisms vary greatly from time to time and 
are not a reliable index of soil fertility. The following counts are 
presented merely as being of interest. 

The average bacterial count per gram of soil in 1930 was 1,242,000 
for the burned and 857,000 for the unburned areas. In only 1 sample 
out of 11 did the count on an unbumed sample exceed that on the 
corresponding burned sample. The difference in favor of the burned 
samples was 385,000 organisms per gram of soil. A larger number of 
bacteria in the burned soil would be expected in view of the greater 
amount of organic matter and nitrogen there, as'showm by previous 
analyses. Samples also were collected before and after burning, for 
the same season. Of 5 seta of samples compared in this way, 3 
showed decreases in soil organisms after burning and 2 showed in¬ 
creases. The increases were so great on the two samples, however, 
that the average increase following the fire was 258,000 organisms per 
gram of soil. 

Coleman (5) has shown that the activities of soil organisms are 
greatest at temperatures between 86® and 100® F. The average of 
nine soil temperatures taken to a depth of 3 inches betw'een March 
16, 1924, ana April 24, 1924, after a 3-year accumulation of plant 
debris on the unourned area, wuis 78® for the burned area and 72.5® 
for the unburned area, or a difference of 5.5® in favor of the burned 
area. It should be understood, of course, that the temperatures were 
not taken on or near the days of actual burning, and that the higher 
temperature was the nearer to the range of optimum temperatures. 
The results tend to account for the average higher bacterial counts 
following burning. 

DISCUSSION 

Although the soil and topography in southern Mississippi vary some 
wdiat from those of other locations in the longleaf pine belt, the growth 
of grasses niay be considered in general as typical for the entire area 
of well-drained lands. In a region more than 1,200 miles in extent, 
which once grew one species of tree in almost pure stands, it would be 
expected that factors influencing the growth of associated grasses and 
legumes on the forest floor w^ould be nearly constant enough to produce 
in general a rather uniform herbage growth; and tliis growth is clearly 
associated with the effects of centuries of periodic grass fires. 

To say that burning the organic matter in the form of plant debris 
on the forest floor or on top of virgin soils tends to increase tlie organic 
matter and nitrogen content of me soil may seem paradoxical. Yet 
it has been shown that the increase of organic matter in the soil is due 
primarily to the decay of plant roots and that incorporation of plant 
debris with the soil to form humus is an extremely slow process. It is 
evident also that any factor that increases the number of plants per 
acre will of necessity increase the formation of organic matter through 
the addition of roots to the soil, regardless of what becomes of the 
tops of the plants. In the experiments described the annual use of 
winter grass fires approximately doubled the growth of imgrazed 
grasses and legumes per acre over that produced on similar areas com- 
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pletely protected from fire, and caused a corresponding increase in the 
soil organic matter to a depth of 6 inches. 

The soils considered are relatively heavy soils for the region. On 
lighter sandy soil, where the vegetative growth is much less dense, the 
reduction in plant growth through fire protection and the subsequent 
effect on the soil would necessarily be a much slower process. 

It has been pointed out that nitrogen in the soil is derived from 
the gaseous form in the air, principally through the medium of bac¬ 
teria associated with legumes, and that there is a constant loss of 
soil nitrogen which must be replaced if the soil nitrogen is to be held 
in balance or increased. In these experiments the annual use of 
winter grass fires maintained a legume growth on an ungrazed burned 
area about twice that on a similar area protected from fire, and the 
hypothesis seems entirely warranted that this increased legume pop¬ 
ulation has caused a corresponding increase of nitrogen on the burned 
areas over that on the unburned areas. The difference shown by soil 
analyses may be due, however, partly to an increase of nitrogen on 
the burned areas and partly to a loss of nitrogen by leaching from the 
unburned soils where the current plant growth has been greatly 
reduced. 

In studies of the effect of burning on mineral fertilizing elements 
of the soil, there was a marked difference in favor of the burned 
areas. Data obtained on soil moisture showed no significant differ¬ 
ences, in actual moisture content, but the burned areas produced 
larger yields of plant growth with attendant larger moisture require¬ 
ments which evidently were supplied. Data on soil micro-organisms 
indicate that burning tends to increase their number. 

SUMMARY 

Analyses of soils taken after 8 years of annual grass burning as 
compared with complete fire protection on rolling longleaf pine land 
in southern Mississippi showed 1.(5 times as much organic matter in 
the burned-over soils as in the soils protected from fire. The burned- 
over soils also contained 1.5 times as much nitrogen as the soils pro¬ 
tected from fire. The greater quantities of oiganic matter and nitro¬ 
gen apparently result chiefly from roots rather than from tops of plants. 

Whether plant debris was burned in place on top of the soil, or was 
left to rot in place on top of the soil, apparently had no direct effect 
on either the organic-matter content or the nitrogen content of the 
soil. In both cases, the organic matter and nitrogen aboveground 
were largely lost to the soil and the nonvolatile mineral fertilizing 
elements were returned, leaving organic matter and nitrogen increases 
to be influenced by the amount and composition of decaying plant 
roots. 

Studies of grass and legume growth on the areas for periods of 8 
and 9 years, respectively, showed that the quantity of forage growth 
on the ungrazed burned areas at the end of the period was more than 
double that on the unburned areas. The additional quantities of 
plant roots decaying in the soil on the burned areas apparently 
account for the increase in soil organic matter to a depth of 6 inches. 

The increased growth, on the burned areas, of native legumes, their 
ability to take nitrogen from the air, and the additional growth of 
other plants which take up soluble forms of nitrogen and prevent 
leaching, apparently account for the increased amoxmt of soil nitrogen. 
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The increase in organic matter and nitrogen on the burned areas 
was reflected in the higher crude-protein content of the principal 
forage grasses that grew on burned areas as contrasted with the 
unburn^. 

Annual burning returned the nonvolatile fertilizing elements to 
the soil immediately; this was shown in the analyses of both the soil 
and the forage growth. 

The increased organic matter and nitrogen in the burned-over soils 
was reflected in an increased number of soil micro-organisms. 

The accumulation of plant debris on top of the soil did not materi¬ 
ally increase the soil moisture in spite of the fact that much greater 
amounts of water were required to support the extra forage growth on 
the burned-over soils. 

Organic matter on top of the soil absorbs a portion of the rainfall 
which is thus prevented from reaching the soil for the use of growing 
plants. 

On the forest floor or on virgin soils, that are not to be plowed, a 
shai’p distinction must be made between the value of organic matter 
in the soil and organic Jiiatter in place on top of the soil. 
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HISTOLOGICAL STUDIES OF WISCONSIN HOLLANDER 
AND WISCONSIN BALLHEAD CABBAGE IN RELATION 
TO RESISTANCE TO YELLOWS* 

By M. E. Anderson, formerly research assistant in plant paikology, University of 
Wisconsin, and J. C. Walker, professor of plant pathology, University of Wi«- 
consin, and agent, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, United /Stales Department of Agriculture 

INTRODUCTION 

The cabbage yellows organism, Fusarium conalutinana Wr., was 
reported as a vascular parasite by Smith (8) * and later by Harter (4), 
who showed that it formed microconidia in the vessels of the living 
plant. Tisdale (JT 1) found that it penetrated the root hairs of cabbage 
plants growing on artificial media, and for some tiine this was accepted 
as its chief avenue of entrance of the host. Smith and Walker (9) 
found invasion to occur chiefly through the rootcap and the zone of 
elongation, and onlv infrequently through root hairs. Penetration 
was usually intercellular and the fungus made its way into the jm- 
tostele while that tissue was still undergoing differentiation. The 
avenue of entrance was the same in susceptible and homozygous 
resistant lines of cabbage, although penetration seldom occurred in 
the latter. Resistance to the fungus prevailed throughout the em¬ 
bryonic and permanent tissues of the root, and was attributed to 
antagonistic chemical substances or physiological qualities of the 
protoplasm, rather than to morphological characters of the tissues. 

In the lines developed by Walker and his associates (12, IS, 14, 
15,16) resistance was shown' to behave as a single dominant Mendelian 
factor. In a study of the breeding behavior of individuals of the 
Wisconsin Hollander variety of cabbage developed by Jones and asso¬ 
ciates (5, 6), Anderson (/) showed that resistance in that strain was 
not necessarily domina.nt nor was it controlled by a single factor. 
Phenotypically the resistance of Wisconsin Hollander was interme¬ 
diate between that of the homozygous resistant lines and the suscep¬ 
tible commercial stocks in that it was commonly effective in the field 
but tended to break down under relatively high soil temperatures in 
the field or greenhouse. 

The puipose of the presenfik invest^ation was to study compara¬ 
tively the host-par^te relationship in a susceptible Hollander strain 
of cabbage, in the intermediate resistant type of cabbage represented 
by Wisconsin Hollander, and in a homozygous resistant Une developed 
from the same original commercial type, represented by the Wisconsin 
Ballhead variety already described hy Walker and Blank (14% 

MATERIALS AND METHODS 

Wisconsin Hollander and Wisconsin Ballhead were both selected 
from the commercial variety known as Hollander or Danish B allhe ad. 

1 Received (or publication January 25, 1936; issued July, 1915. Ooqperativa inyestigations between 
the Department of Plant Pathology, University of Wisconsin, and the Division of Fruit and Vegetable 
Grope and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture. Supported in by 
a grant hrom the Wisconsin Alumni Research Foundation, 
s Reference is made by number (italio) to Literature Cited, p. 836. ' 


Journal of Agrioultora] Research, 
Washington, D. C. 


im) 


Vol 30. no. 10 
May 16,1935 
no. Wls.<66 




824 


Journal of Agricultural Research 


Vol; ^0, DO. 10 


The Wisconsin Ballhead seed used was lot no. 3331B, described by- 
Walker and Blank (H), This was shown by their tests to be homo¬ 
zygous for resistance. Tests by Anderson (f) showed it to remain 
healthy in yellows-infested soil at constant soil temperatures as high 
as 26® C. Two single-plant progenies secured by Anderson {1) from 
Wisconsin Hollander were selected. One of these, progeny 33s, was 
very susceptible and will be referred to in this paper as susceptible 
Hollander; the other, progeny 11s, was one of the most resistant lines 
derived from tliis variety and is referred to hereafter as Wisconsin 
Hollander. It showed a high percentage of resistant plants in the 
field, but differed from Wisconsin Ballhead in that resistance of the 
parent plant was not completely dominant, while its progeny from 
self-pollination succumbed to yellows at soil temperatures of about 
24® C. 

In order to study different aspects of infection, plants were grown 
under three types of environment: (1) Seeds placed on artificial media 
inoculated with the yellows organism; (2) seeds planted directly in 
inoculated soil; and (3) 30-day-old plants transplanted into inoculated 
soil. For infection on artificial media, seeds were surface-sterilized 
in 1 to 1,000 mercuric chloride solution, washed in sterile water, and 
germinated on potato-dextrose agar. Soil-extract agar in Petri dishes 
w^as inoculated in several places across each plate with a single-spore 
culture of Fusarium conglniinans. Seeds in which the radicle was 
breaking through the seed coat were placed on the inoculated plates 
slightly in advance of the extending fungus. The culture plates w ere 
then placed in a constant temperature chamber at 24® C.\ and so ar¬ 
ranged that the seedlings were held in a normal growing position. 
Seedlings grown directly in soil inoculated with a cornrneal-sand 
culture of the fungus were first germinated on potato-dextrose agar 
and then planted when the radicles were 2 to 3 mm in length. In this 
series two types of soil treatment were employed: (1) Virgin soil on 
which no cultivated crops had grown was inoculated directly; (2) 
greenhouse soil which was steamed under 10 pounds of pressure for 
4 hours was later inoculated. The plantings were made in a green¬ 
house where the soil temperature ranged from 22® to 24®. In another 
series seedlings were growi) for 30 days on soil free from the yellows 
organism and then transplanted to inoculated soil. The soil tempera¬ 
ture was held quite constant at about 22® by the use of Wisconsin 
soil-temperature tanks. 

At various intervals plants wore removed for fixation and embed¬ 
ding in paraffin. Plants in soil were carefully removed and the 
surrounding soil loosened by gentle agitation in water. Even wdth 
utmost care plant parts were often missing, especially in severely 
infected roots. Formol acetic alcohol and Gilson^s fixatives were 
employed, and the staining procedure followed throughout was a 
combination of Delafield^s haernatoxylin, safranine, and orange G. In 
most cases the whole root was cut in serial sections which were 10 
to 16 microns in thickness. In the series where 30-day-old plants 
were transplanted to inoculated soil, sectioning was~ limited to the 
region just below the soil level where secondary roots were abundant. 



Wisconsin Hollander Roots. 

A, Two-<iay-old root showing suberized thickenings on the radial walls of the cortical cells surrounding the 
endodermis, X 136; B, 3-day-old root showing the thickenings in the same layer of cortical cells, X 70; 
(\ 6-day-old root showing cortical infection extending inter- and intraoellularly to the pericycle, X 190; 
I), 6-day-old rmn grown on soll-extnict agar, showing penetration of the epidermis and hypodermls 
accompanied by granulation of the cell contents, X 635; E, root of a 6-day-old plant showing suberization 
of endodermis and pericycle successfully inhibiting-fungus invasion of the xylem, X 444. 
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NORMAL ANATOMY OF THE CABBAGE ROOT 

Since the anatomy of tlie cabbage root has been discussed by 
earlier writers (7, 9, 17) only a brief description of the young root is 
given. The general structure of the young cabbage root with its 
diarch protostele and alternate arrangement of xylem and phloem is 
shown m plate 1, A and B. A rootcap about six cells in thickness 
at the root tip decreases to a single layer of cells as it extends back 
along the sides of the root for a distance of about 1 mm. The epi¬ 
dermis gives rise to the root hairs beginning just above the zone of 
elongation. 

The cortex consists of 4 to r» layers of cells with laige intercellular 
s])aces. The endodermis is rather inconspicuous, but the layer of 
cells surrounding it is outstanding because of a heavily suberized 
thickening in each coll. Tliis thickening forms an oval band or ring 
centrally located on the inner surface of the radial and cross walls. 
Smaller meshlike thickenings often extend from tliis main ring, espe¬ 
cially ccntrijietallv, where they may extend over the inner tangential 
wall (pi. 1, A anti B). This layer is supportive in nature and often 
persists when the outer part of the cortex is detached. These peculiar 
thickenings are not always present and may be totally lacking or in¬ 
terrupted in parts of the same root. Infrequently they occur locally 
on tw'o row's of cortical cells. The cortical cells enlarge somewhat 
as root growth continues but soon become loosened and slough off. 
.\s the cortex becomes detached, a permanent ])eriderm is formed as 
a result of tangential division of the pericycle cells. The character¬ 
istic root structure jx'rsists to the upper region of the hypocotyl. 

Tims {!()) and Smith and Walker (.9) found no morphological 
dilferences in roots of susceptible and resistant ])lants. No morpho¬ 
logical differences were noticed in the present study, but some 
(litferences in reaction to the parasite will be discussed later. 

COMPARISON OF INFECTION IN SUSCEPTIBLE HOLLANDER, 
WISCONSIN HOLLANDER, AND WISCONSIN BALLHEAD 

Plants of the susceptible and the two resistant strains w'ere e.x- 
posed to the fungus on agar plates and in inoculated soil. The 
roots and hypocotyls were fixed, embedded, and sectioned serially. 
In table 1 is* a summarv of thtf results secured from seedlings on agar 

E lates. By the fifth day the root tips and the cortex and stele of 
oth root and hypocotyl of susceptible Hollander were heavily in¬ 
fected. In Wisconsin Hollander (intermediate resistant) and Wis¬ 
consin Ballhead (homozygous resistant) invasion of the root tip and 
of the cortex of root and hypocotyl w'as common, wdiile invasion of 
the stele was less pronounced. 
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In table 2 the results in unsterilized inoculated soil are given. 
After 6 days the susceptible plants were generally infected in cortex 
and stele. Most Wisconsin Hollander plants were infected in the 
root cortex and over half of them showed the fungus in the stele. 
In Wisconsin BaUhead, infection was general in the cortex but only 
an occasional plant showed stelar infection. EssentiaUy similar results 
were secured when sterilized inoculated soil was used. 


Table 2. —Occurrence ^ of Fusarium conglutinans in the young roots of susceptible 
Hollander, Wisconsin Hollander, and Wisconsin BaUhead cabbage plants grown 
from germinating seeds sown directly in unsterilized inoculated soil held at 22°- 
24 ° C. for various intervals 



Susceptible Hollander 

Interval (days) 


Degree of 
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Plant 




no. 
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1 For explanation of symbols see footnote to table 1. 


Wisconsin Hollander 

Wisconsin Ballhead 
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In the examination of plants removed from the soil at various 
intervals there was a definite relationship between secondary root 
development and resistance. No secondary roots developed in the 
susceptible strain at 6, 10, and 14 days, and after the last period all 
were dead. The primary roots were brownish in color and had a 
collapsed appearance. It is to be seen in table 2 that at 6 days 
infection of this strain had occurred and the fungus had advanced 
into the stele. Undoubtedly it attacked the seconda^ roots before 
they emerged. In Wisconsin Hollander (intermediate resistant) 
plants at 6 days the primary roots were partially discolored and 
secondary roots were beginni^ to emerge. Root injury was more 
apparent as time went on, until at 18 days the only plants remaining 
turgid were those supported by secondary roots. At 6 days the 
primary roots of Wisconsin Ballhead (homozygous resistant) plants 
were normal in color and possessed well-developed secondary roots. 
Some injury to the primary root was apparent at 14 days and later 
but the secondary roots were normal in color and in turgidity. 
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In table 3 arc the results from 30-day-old seedlings transplanted to 
ino(*ulated soil and grown at a soil temperature of 22® C. for various 
intervals. In these plants the roots were s<H*tioned near the soil level 
where secondary roots were abundant. All plants of susceptible 
Hollander not previously sectioned were dead at the end of 17 days. 
Infrequent slight infection occurred in Wisconsin Hollander plants up 
to 14 days. At 17 days and longer moderate infection was common 
wherein a few vessels located in one section of the root were invaded. 
This type of localized infection of the xylem is in accord with the 
common field symptoms of this variety. In such cases unilateral 
disease development occurs or one or more lower leaves are affected 
and later drop off, leaving the plant without further outward sign of 
the disease (1). It is this type of infection which gives to Wisconsin 
Hollander the appearance of intermediate resistance or tolerance to 
the parasite. At high soil temperatures (24® C. or above) this resist¬ 
ance in Wisconsin Hollander is broken down and the fungus is no 
longer limited in its development. In this series infection w^as not 
found in the roots of homozygous resistant Wisconsin Ballhead. 


Table 3.- ‘Occurrence * of Fumrium conglulinans in ttuaccptible Hollander^ ITm- 
consin Holla7iderj and Wisconsin Ballhead cabbage when SO-day-old seedlings 
were transplanted into infested soil and held at C. soil temperature for various 
intervals 
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1 For explanation of symbols see footnote to table 1. 
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It is evident from this comparative study that prompt infection of 
cortex and stele of susceptible Hollander plants occurs. The infec¬ 
tion of Wisconsin Ballhead roots is usually found to be limited to 
the epidermis and cortex of roots and hypocotyl. vSeldom does the 
fungus increase in the cortex to the same degree that it does in sus¬ 
ceptible plants. Such invasions apparently cause little damage and 
disappear with the sloughing of the cortex. Occasionally the fungus 
was found to have reached the stele in this variety but, with one 
exception, infection in the stele was very slight. In the one excep¬ 
tional case the root tip was severely attacked and the fungus advanced 
a Ihort distance into the stele. Cortical infection was generally more 
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PLATE 2 



SUSCEPTIBLE HOLLANDER ROOTS. 

A» Penetration of the root epidermis in which there is an enlargement of the fungus hypha at the surface 
and invasion of ttie cell wall by a peglike constriction. X 1015; B, intracellular passage of cortical layer 
surrounding endodermis. the suberized thickening being shown in the wall of the infected cell. X 571; 
C, 10-day-old root showing Infection of a young secondary root by hyphae invading from the surrounding 
cortex, X 365; D, lO-day-old root, showing a hypha crossing a cell of the pericycle and penetrating a 
protoxylem vessel, X 1015; E, longitudinal section through the stele of the root of a 10-day-old plant 
showing passage of the fungus through the thin-walled parts of spiral vessels and through pits of reticu¬ 
late vessels, X 412. 
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severe in Wisconsin Hollander than in Wisconsin Ballhead. Infection 
of the stele was more freejuent and the fungus advanced higher in 
the root. Thus this strain showed an intermediate degree of sus¬ 
ceptibility or resistance to invasion which corresponds to the inter¬ 
mediate resistance commonly observed in the field. 

PATHOLOGICAL ANATOMY OF THE CABBAGE ROOT 
PENETRATION 

Smith and Walker («9) studied penetration in plants grown on arti¬ 
ficial inedia. They reported penetration chiefly in the embryonic 
region of the root, at times through root injuries, and infrequently 
by way of root hairs. The method of entrance was found to l>e inter¬ 
cellular and infrequently intracellular. In the present study no 
essential difference in penetration or subsequent development of the 
fungus was noticed between plants grown on soil-extract agar and 
those grown in inoculated soil. Penetration occurred within a period 
of 2 davs in susceptible plants grown on agar at 24^^ C. and within 
8 days in plants grown in inoculated soil at 22® (table 1). In the soil 
cultures infection occurred earlier and in a greater percentage of 
sus('eptible plants than in either of the resistant strains (tables 2 and 
3). No difference in the process of penetration was noticed in the 
three strains of cabbage. 

Infection of root hairs (fig, 1, A) is seldom found and is probably 
of no importance as an avenue of entrance to the host. Penetration 
occurs often in the root tip of susceptible plants, especially by way 
of tjie rootcap. The fungus often masses between and in the loose 
cells of the rootcap and continues upward to infect the growing tip. 
Often the growing point is not attacked and the infected root cap cells 
remain along the sides of the young root as the tip continues its 
growth. 

Penetration is not limited to the young embryonic root structures 
but also occurs in the epidermis and outer cortical cells of the young 
root and hypocotyl. ''riirough this avenue of entrance infection often 
occurs while the root tips remain free from infection (table 1). Infre- 
(piently the young root escapes the fungus and infection occurs only 
in the hypocotyl region. Sometimes infection through the hyMcotyl 
in 3()-day-o]d transplants was noticed in susceptible Hollander. 
The fungus also may gain entrance where secondary roots break 
through the cortex (pi. 2, C). 

Direct intercellular and intracellular penetration (fig. 1, ^ to D; 
fig. 2, Bj D) occur equally often, both in the young root and in the 
hypocotyl, while in the rootcap penetration is generally intercellular. 
In penetrating the epidermis the fungus generally neither show^s 
change in tliickness nor becomes distorted as if exerting pressure. 
Occasionally a cell wall is distended (fig. 1, J?) as if from pressure. 
Infrequently a strand becomes tldckened at the cell surface and 
penetrates by a smaller projection through the cell wall (pi. 2, ^1). 
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Figure l.>~Penetration and development of Fuaarium conglutinana in cabbave roots: A, Fungus enter¬ 
ing through root hair; B, penetration in which the inner cell wall is distended, an infrequent occurrence; 
C, J), direct penetration through epidermis; B, fungus in inner cortex and pericycle; F, cortical cells 
with suberized thickenings next to the endodermis being traversed intraceilularly; G, an infrequent 
occurrence where the fungus forces passage between two cells of the layer surrounding the endodermis 
(note that the suberized thickenings do not meet in these two cells); //, fungus passing laterally through 
a vessel by way of border pits; H- K, fungus in vessels, entrance having been effected through the thin 
border pits by a conforming constriction of the hyphae; L, fungus passing lateraliy through several cells 
of the phloem, with bending of the hypha and enlargement near the cell wall as if due to stress and 
resistance in penetrating walls of this tissue; M, orientation and formation of occlusions in a vessel. (All 
drawings are from susceptible Hollander plants with the exception of Z>, which is from Wisconsin 
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SUBSEQUENT COURSE OP INVASION 
Invasion Through the Cortex 

In the embryonic roots of susceptible plants, as reported by Smith 
and Walker {9), the fimgus readily makes its way to the vascular 
system. The embryonic growing point is easily attacked and the 
root is sometimes stunted, especially when infection by the fungus 
occurs en masse through the rootcap. More often, however, infection 
takes place through the epidermis and cortex of the root (table 1). 



Figure 2.*-Penetnition and development of Ftuarium congliUinans in homozygous resistant Wisconsin 
Ballhead cabbage: A, Penetration of epidermal cell accompanied by granulation of the cell contents; 
B, direct iienetratlon of epidermal cell; C, deposition of gumlike material between cortical cells in advance 
of the fungus, an Infrequent reaction not effective in preventing deeper invasion into the cortex; D. 
Fungal strand extending through cortex to endodermis, penetration being intercellular but the layer of 
cells surrounding the endodermis is crossed intraoellularly; E, suberization of widls between endodermis 
and the surrounding layer of cortical cells; F, suberization between endodermis and pericyde, effectively 
barring the fungus from the stele; O, fungus in the cortex of a resistant root, the layer surrounding the 
endodermis being traversed intraoellularly where radial suberized thickenings naturally occur, inter¬ 
cellular passage being likely to occur where these thickenings are lacking. 

When epidermal calls are penetrated directly, the fungus soon 
becomes intercellular. It generally remains interceUuIar in its course 
across the cortex, althou^ it sometimes occurs within and passes 
tlirough cortical cells (fig. 1, pi. 1, C). The rigid suberized inner 
jM^ds in the cells of the cortical layer surroimding the endodermis, 
with but few exceptions, inhibit intercellular passage. Intracellular 
penetration of this layer takes place readily, however, in old and 
young roots and in both susceptible and resistant plants when infec- 
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tion of the latter occurs (fig. 1, F; fig. 2, I); pi. 2, B), In one case 
(fig. 1, O) the fungus forced an intercellular passage, but in that case" 
the thickenings on the adjacent cell walls did not make a gopd parallel 
fit. As stated above, these thickenings may be lacking or partly 
lacking, and in such cases intercellular peneti'ation occurs <fig. 2, G). 
Thus, although it possesses suberized tliickenings, this layer was not 
a barrier to radial ingress of the fungus m the cabbage varieties 
studied, as found by Smith and Walker («9) in other varieties. 

Although Fusarium conglutinans is primarily a vascular parasite, it 
is often found in the cortex for a considerable distance in the root and 
hypocotyl, as a result of repeated infection and of vertical advance of 
the fungus. The large intercellular spaces make convenient runways 
for the hyphae. When repeated infection does not occur, the fun^jus 
advances highest in the cortex in the intercellular spaces just outside 
the endodermal layer. Sometimes the fungus advances liigher in the 
cortex than in the stele. This was especially noticeable m the two 
resistant strains, and may be due to incompatibility of fungus and 
host in the vessels. 

The fungus in the cortex is an impf)rtant source of secondary 
infection. Secondary roots are frequently attacked before they com¬ 
pletely traverse the cortex of the primary root (])1. 2, (?). In several 
cases initial infection of the stele of the main root resulted from such 
invasion of secondary roots. The cortex of the primary root infre¬ 
quently appears predisposed to initial penetration as the result of 
outward growth of secondary roots since the fungus sometimes 
invades tliis region as the secondary root is about to push through. 
It occasionally enters the cortex of the primary root after the laUer 
has been ruptured by the secondary root. 

Development in the Stele 

The fungus apparently encounters more difiiculty in passing the 
endodermis and pericycle than the cortical layer surrounding the 
endodermis. These tissues are usually traversed intracellularly. 
Generally the protoxylem vessels are next attacked, the fungus pass¬ 
ing through the tliin vessel wall between spiral thickenings. Plate 2, 
D, shows the passage of a strand through the pericycle into the proto¬ 
xylem vessel. The vessels cen tripe tally become reticulate and pitted 
and the fungus passes from one vessel to another through pits (fig. 1, 
H-K; pi. 2, E), The fungus seems to have an affinity for the pro¬ 
toxylem vessels, from which it repeatedly passes into the larger reticu¬ 
late vessels. 

The phloem and parenchymatous cells of the stele are also invaded 
by the fungus. In the phloem the fungal strands often appear much 
larger in cross section than in the xylem, apparently the result of the 
turning and enlargement of the strands in the process of penetration 
of cell walls. The crooked course of fungal strands with enlargement 
before wall penetration suggests that the fungus encounters more 
mechanical resistance in the phloem tissue. This phenomenon is 
noticed in both susceptible and resistant roots. Figure 1, i, shows a 
strand passing through several cells of the phloem. 

REACTION OF HOST TO PARASITE , 

Althoi^h no structural differences in the three strains of cabbage 
npticed, there were differences in host reaction in the presence 
Of iho fungus. 
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Pbotoplasmic Reaction 

Freciuently, when penetrated directly, the protoplasmic content of 
the cells became panular and stained deeply with Delafield's haema- 
toxylin. The cells appeared to be killed, and often ruptured. Under 
such conditions the fungus sometimes became granular and showed 
various stages of disintegration. Often, however, it passed through 
such cells into the intercellular spaces, where it continued to grow with 
no subsequent deleterious reaction of host cells or parasite. 

This host reaction, while not extremely common, was more frequent 
and more pronounced in plants growing on artificial media. It was 
more often observed in both resistant varieties than in the susceptible 
strain. Figure 2, A, show^s penetration of an epidermal cell in a Wis¬ 
consin Ballhead plant followed by protoplasmic granulation. Plate 1, 
D, shows a similar reaction in Wisconsin Hollander. 

This reaction is suggestive of that found in cereals resistant to rust, 
although in the latter case cells and fungus succumb as a result of 
incompatibility. The reaction in cabbage, although not of great 
importance since it neither occurs uniformly nor is effective in check¬ 
ing the fungus, is interesting in that it is more pronounced in resistant 
than in susceptible plants. 

Cell-Wall Reaction 

Occasionally the walls of cortical cells of Wisconsin Ballhead ap¬ 
peared to become suberized slightly in advance of the fungus, as indi¬ 
cated by their staining red with safranine (fig. 2, C and E). A similar 
reaction was more common in the endodermis and pcricycle of both 
resistant strains and less so in susceptible plants. Figure 2, F, shows 
the wall between endodermis and pericycle of a Wisconsin Ballhead 
root heavily suberized. In plate 1, E, the inward advance of the 
fungus was checked by endodermal and pericyclic suberization in a 
Wisconsin Hollander plant. This localized sulberization in plants of 
the two resistant strains was especially noticeable where the infected 
cortex was in the process of detachment, and appeared to be effective 
in limiting the ingress of the fungus into the stele. 

Too much emphasis should not be placed on these forms of host 
reaction, since they do not occur uniformly in all plants. At times, 
however, they do apparently^ play an important role in excluding the 
fungus from the stele. The real seat of resistance must be found in 
the nature of the cell contents wdiich arc apparently not favorable to 
a vigorous invasion and development by the fungus in intermediate 
resistant and in homozygous resistant plants. 

OCCLUSIONS 

Deposits of gumlike material in xylem vessels and parenchyma of 
cabbage were discussed by Smith and Walker (5). Occlusions were 
noticed by them in both susceptible and resistant roots growing in soil, 
but only in resistant roots growing on artificial media. In the present 
study infreqiient occlusions were found in all strains, in both soil cul¬ 
tures and plants ^rown on artificial media. Occluded vessels were 
found most often in the series in which germinating seedlings were 
n^.ed Erectly in inoculated soil. These seedlings after 10 to 18 days 
eSibited various degrees of injury in which cortex and even parts of 
the stele were lacking in young roots. Throughout the study oedu- 
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sions were seldom observed in the same vessels with fungal strands 
but were more often found in adjacent vessels. They also occurred 
where no trace of the fungus could be found. Their formation is 
shown in figure 1, M. Droplets of a gumlifce substance apparently 
have their bepnning at the pits of the vessel and may increase until 
they completely plug the latter. Generally but few vessels of an in¬ 
fected root show these gumlike deposits. 

DISCUSSION 

In this investigation a study of the intimate relation of the yellows 
organism to susceptible and resistant hosts has been undertaken. 
Stable resistance, controlled by a single dominant gene (Wisconsin 
Ballhead), was compared with a defimte but more variable type not 
completely dominant and controlled apparently by a number of factors 
which merely modify the expression of the gene for susceptibility 
(Wisconsin Hollander). 

In an earher paper Smith and Walker (5) reported a similar study 
of susceptible Imes and homozygous resistant lines of different 
origin. They were unable to determine any morpholomcal basis for 
resistance. Tisdale (11), working with flax wilt (Fusarium Uni 
Bolley), noted in the resistant strains a tendency of the cell walls of the 
cortex to thicken and show signs of suberizauon in advwce of the 
fui^s. He regarded this as a partial explanation of resistance but 
believed that the interaction between hyphae and the host protoplasm 
was perhaps more important in checking the parasite. Fahmy (S) 
in a study of cotton wnt (F. vasinjedum Atk.) described penetration 
through the root cap, while Dharmarajulu (S) considered resistance 
to be based upon a combination of cell-wall reaction and antagonism 
of the protoplast. 

The writers have found that penetration in susceptible Hollander cab¬ 
bage and in the two resistant strains proceeds in essentially the same 
manner. In all of these strains there appears to be more penetration 
of the cortex of root and hypocotyl than was found in other strains of 
cabbage by Smith and Walker (9). Moreover the ceU-wall thicken¬ 
ings of the inner cortical layer of the root do not obstruct fungus ingress 
into the stele since the partite penetrates these cells intracellularly. 

While imder the conditions of these studies there was invasion 
of the cortex of a larger percentage of resistant roots than had been 
reported for the lines studied earher (9), invasion of the stele in the 
homozygous resistant Wisconsin Ballhead was rare and meager in 
extent. The parasite was obviously retarded in the cortex. This 
inhibition of growth was not co^elated with any consistent morpholog¬ 
ical or biochemical reaction which could be demonstrated by histologi¬ 
cal methods although cell-wall suberization and granulation of the 
protoplasm occasionally occurred. These reactions, it is true, were 
somewhat more frequent in the resistant lines than in the susceptible 
line, but they were nevertheless too infrequent to acraunt for the 
marked and distinct resistance which occurs in Wisconsin BalHiead. 

At the outset of this study it was thought that since the resistance 
in Wisconsin Hollander had been shown to be distinct in its genetical 
ba^ from that of Wisconsin Ballhead, it m^t show a distinct Usto- 
h^fal picture. The results presented herein, however, indicate th^ 
.tra^mtenhediate type of resistance exhibited by this strain differs in 
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degree rather than in kind from that of the homozygous resistant line. 
The relation of the parasite to this host is of the same order. There 
are, amin, no consistent morphological reactions which can be inter¬ 
preted as the basic cause of resistance. The fungus is more active in 
the cortex and is not so consistently excluded from the stele as is the 
case with Wisconsin BaUhead. Whether or not the same basic 
factors, in a lesser degree, as those which occur in Wisconsin BaUhead 
are responsible has not been demonstrated. It is clear, however, that 
whatever the nature of resistance may be in either resistant strain, it 
is not readily discerned by histological methods. It may be due to 
antagonistic compounds in the host cell or it may be simply an inherent 
inability on the part of the parasite to live and thrive in the host 
cell as successfully as it does in that of the susceptible strains. It 
would appear that further knowledge of the nature of resistance to 
Fusarium conglutinans can be secured best through a biochemical 
approach to the question. 

SUMMARY 

A comparative study was made of the invasion of three strains 
of Hollander cabbage by the yeUovcs organism {Fusarium conglutinans 
Wr.): (1) a very susceptible'strain of Hollander, (2) an intermediate 
resistant type (Wisconsin Hollander), and (3) a homozygous resistant 
strain (Wisconsin BaUhead). 

The fungus enters the tlu’ee strains of cabbage through the root 
tip and through the cortex of the young root and hypocotyl. Penetra¬ 
tion of cell w'alls is apparently accominished by mechanical pressure. 

The fungus traverses the cortex of susceptible roots readily and 
often persists in this tissue as high os the upper hypocotyl. Secondary 
roots are often attacked by the pathogen as they push through the 
cortical tissue. 

Penetration of Wisconsin BaUhead was quite frequent but the fungus 
w^as generaUy limited to the outer cortical ceUs or the lower root-tip 
region and very seldom reached the vascular system. 

In Wisconsin Hollander the pathogen was retarded but not to the 
same extent as in Wisconsin BaUhead. Infection of the vascular 
system occurred more often but here the fimgus was usuaUy restricted 
to a few localized vessels. 

No definite morpholorical differences occur in the strains of cabbage 
studied; however some differences in reaction of the host to the fungus 
were apparent in the resistant strains. 

Only in Wisconsin BaUhead was intercellular suberization of 
cortic^ cells in advance of the fungus noted. Suberization of endo- 
dermis and pericycle walls often occurred locally in both Wisconsin 
BaUhead ana Wisconsin Hollander when these tissues were approached 
by the fungus. Granulation of epidermal and outer cortical cells w^ 
noticeable in certain plants of Wisconsin BaUhead and Wisconsin 
Hollander when these cells were penetrated directly. 

The basis of resistance in Wisconsin Hollander appears to differ in 
degree rather than in kind from that of Wisconsin BaUhead. What¬ 
ever the true nature of resistance may be, it is apparently not readily 
discernible by histological methojb, and further knowledge regarding 
^^^ay best be sought through a biochemical approach to the question. 
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NUTRIENT VALUE OF THE PHOSPHORUS IN CALCINED 
PHOSPHATE AS DETERMINED BY GROWTH OF PLANTS 
IN GREENHOUSE EXPERIMENTS' 

By K. D. Ja(Job, chemist, Division of Fertilizer Technology, Fertilizer Investigations, 
Bureau of Chemistry and Soils, United States Department of Agriculture; R. P. 
Bartholomew, assistant agronomist, Department of Agronomy, Arkansas Agri-^ 
cultural Experiment Station; B. E. Brown, senior biochemist, Division of Soil 
Fertility, Bureau of Plant Industry, United States Department of Agriculture; 
W. H. Pierre, associate agronomist, Department o/ Agronomy and Genetics, West 
Virginia Agricultural Experiment Station; F. R. Reid, assistant biochemist, 
Division of Soil Fertility, Bureau of Plant Industry, United States Department of 
Agriculture; and J. W. Tidmohe, head. Department of Agronomy and Soils, 
Alabama Agricultural Experiment Station 

INTRODUCTION 

Tho complex minerals fluorapatite (Ca,oF 2 (P 04 )®) and hydroxy- 
lluorapatite (Caio(OH, F)(P 04 )'') are the principal phosphatic con¬ 
stituents of nearly all commercial varieties of phosphate rock mined 
throughout the world (11, IS)} 

All commercial vaiieties and grades of domestic phosphate rock 
contain about 3 to 4 percent of fluorine (IS), and the percentage of 
fluorine in the rock is invariably higher than that corresponding to the 
fluorapatite equivalent of the total phosphorus content. The state of 
combination of the excess fluorine is not definitely known, but the 
available evidence indicates that it is probably present chiefly as cal¬ 
cium fluoride. If it is assumed that all the phosphorus in domestic 
phosphate rock is present in the form of fluorapatite, the fluorine in 
excess of that ectrresponding to tho fluorapatite equivalent of the total 
phosphorus amounts to approximately 10 to 30 percent of the total 
(luorme. Therefore, about 70 to 90 percent of the fluorine is equally 
distributed between the two atoms of fluorine in the fluorapatite; for 
convenience these may bo designated as the first (Fb) and second 
(F'„) atoms of fluorine. Finally, the fluorine in excess of that corre¬ 
sponding to the second (F'*) atom of fluorine in the fluorapatite 
equivalent of the phosphorus amounts to about 55 to 65 percent of the 
total fluorine. 

Recent laboratory studies (17,22,2S) have shown that when domes¬ 
tic phosphate rock, containing about 5 to 10 percent of silica, is 
heated in the presence of water vapor for 30 minutes at 1,375° to 
1,425° C. it is possible to volatilize upward of 95 percent of the total 
fluorine (corresponding to upward of 86 percent of the F'b fluorine) 
and convert 80 percent or more of the phosphorus into the citrate-solu¬ 
ble (available) condition. In order to obtain efficient reaction in the 
minimum time, the process must be regulated to give the maximum 
degree of contact between the water vapor and the particles of phos¬ 
phate rock. 

In experiments (22) with Florida land-pebble phosphate, contaimng 
3.67 to 3.85 percent of fluorine and 6.80 to 10.85 percent of silica, 

* Heoeived for publication Feb, 7,1035; issued July, 1935. 
i Reference is made by number (italic) to lyiterature Cited, p, 847. 
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TolatOization of less than about 65 percent of the total fluorine (corre¬ 
sponding approximately to the fluorine in excess of the F'. fluorine) 
was accompanied by a decrease in the citrate solubility of the phos¬ 
phorus in the product, as compared with that of the phosphorus m the 
original rock. From that point, however, the citrate solubility of the 
phosphorus corresponded approximately to the percentage of the F', 
fluonne volatilized, provided the temperature of the experiment 
exceeded 1,300° C. l^e defluorinated material (calcined phosphate) 
contains little or no water-soluMe phosphorus. The chemical nature 
of the citrate-soluble phosphorus has not been definitely determined, 
but it is believed to consist principally of the high-temperature form 
of tricalcium phosphate (S, $6). 

Various processes have been proposed for the manufacture of avail¬ 
able phosphates by heating phosphate rock with alkali salts, usually 
the sulphates or carbonates oi sodium and^tassium. These processes 
have been discussed by Fishbume (6), Guernsey and Yee (8), and 
Waggaman and Easterwood (87). As yet, attempts to operate such 
processes on a commercial scale have not met with sustained success 
m this country. In Germany, however, a product known as Rhenania 
phosphate (18, 84) has been manufactured for some years by heating 
phosphate rock with alkali salts under certain conditions. In this 
country Allison, Braham, and McMurtrey (1), Conner (4), Haskins 
(9, 10), and Mooers (19), and, in Europe, Erd^ly (5), Gerlach and 
Nolte (7), Jakobsen (16), Niklas, Strobel, and Scharrer (80), and 
R^itli (81) have shown that citrate-soluble phosphates, prepared by 
heating phosphate rock with alkali salts, are excellent sources of 
phosphorus for plant growth. 

Inasmuch as the process which involves the heat^ of silica-bearing 

M hate rock in the presence of water vapor (mthout the addition 
ali salts) seems to have commercial possibilities, greenhouse 
pot experiments were carried out on four types of soil in order to 
obtain information on the nutrient value of calcined phosphates in 
which the phosphorus showed a wide range of citrate solubilities. 
The Alabama, Arkansas, and West Viiginia Agricultural Experiment 
Stations and the Bureau of Plant Industry, United States Department 
of Agriculture, cooperated in the greenhouse experiments. The 
results are presented m this paper. 

MATERIALS AND EXPERIMENTAL METHODS 

Data on the preparation and composition of the phosphates are 
given in table 1. 

Samples 3 and 4 were commercial phosphate rock from a deposit of 
unknown location in the Florida landi-pebble phosphate district. The 
colloidal phosphate (sample 6) was a natural clayhke material (18, IS) 
from an abandoned phosphate-washer waste pond in the Florida 
hard-rock phosphate district. The Tennessee brown-rock phosphate 
(sample 6) was a commercial kiln-dried material from a deposit near 
Mountpleasant, Tenn. 

Samples 7, 8, 9, and 10 (calcined phosphates) were prepared in a 
laboratory tube furnace by heating Florida land-pebble phosphate 
rod;, of the general composition represented bv samples 3 and.^, 
in the presence of water vapor.’ In this rock, the fluorine in exc^ 

. »Th^ samples were prepared by D. 8. Reynolds, Fertiliser Investigations, Boreau of Chemistry and 
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of that corresponding to the second (P'b) atom of fluorine in the 
fluorapatite equivalent of the total i>hosphorus, amounted to approxi¬ 
mately 63 percent of the total fluorine. In confirmation of previous 
results no increase in the citrate solubility of the phosphorus 
was obtained until all the fluorine in excess of that corresponding 
to the second (F'b) atom of fluorine in the fluorapatite equivalent of 
the total phosphorus was volatilized. Volatilization of only 50 
percent of the total fluorine was accompanied by a decrease in the 
citrate solubility of the phosphorus in the product (sample 7), as 
compared with that of the phosphorus in the original rock. 


Table 1. —Phosphate materials used in greenhouse expervmenXs 


Sample 

Phosphate material 

P|0« 

Availa¬ 
bility 
of P»65 

Total 

fluorine 

content 

Total 

fluorine 

F'a flu- 
mine) 

no. 

Total 

Avail- i 
able 1 

volatil¬ 

ized 

volatil¬ 

ized 

1 

Florida pebble superphosphate, 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


20-me8h.....i 

20.40 

>20.32 

99.6 

1.65 

*31 


2 

Dicalcium phosphate, CaHPO«. 



2H|0, c. p. material, 80-mesh. 

41.52 

41.52 

100.0 

0.00 



8 

Florida pebble phosphate, un- 




treated material, 200-iiie8h_ 

31.25 

4.12 

13.2 

3.85 



4 

Florida pebble phosphate, same as 




no. 3 except 100-mesh.. 

31.39 

3.64 

11.6 

3.85 



5 i 

Colloidal pHosphate, 10O*mesh_ 

23.03 

2.39 

10.4 

1.92 




Tennessee brown-rock phosphate, 

untreated material, lOO-mesh_ 

Calcined phosphate; 10-g charge of 
200-me8h Florida i)ebble heated 
0.5 hour at 1,300® C. 

3,3.77 

2.58 

7.6 

3.67 



• 7 




3,3.88 

2.30 

6.8 

2.08 

49.9 

0.0 

*8 

Calcined phosphate: 10-g charge of 
200-mesh Florida pebble heated 
0.5 hour at 1,^!K)® C__ 

,34 09 

7.01 

20.6 

1.49 

64.2 

1,6 

*9 

C^cined phosphate; 10-g charge of 
40- to 80-mesh Florida pebble 








heated 1.0 hour at 1,400® C. 

33.38 

ia39 

49.1 

.85 

78.9 

44.0 

« 10 

Calcined phosphate; 5-g charge of 
40- to SO-mesh Florida pebble 








beat^ 1.0 hour at 1,400® C. 

33.78 

26.39 

78.1 

.27 

93.3 

82.2 

« 11 

Calcined phosphate, prepared from 

<90.0 


Tennessee brown-rock phosphate. 

1 33.97 i 

22.21 

05.4 

.40 

<76u0 

> 12 

.do. 

,34.21 1 

29.46 ! 

86.1 

.10 

<97.0 

<93.0 

»13 

_do_-_ 

1 35.09 

32.52 

92.7 

.10 

< 97.0 

<93.0 



1 Neutral ammonium citrate method. 

> Fluorine corresponding to the second atom of fluorine in the fluorapatite equivalent of the total phos¬ 
phorus. 

3 Contained 17.5 percent of water-soluble PaOt. 

* Approximate figure. 

< Qround to 100-mesh. ^ 

> Ground to 80-mesh. 

Samples 11, 12, and 13 (calcined phosphates) were prepared in an 
experimental direct-fired rotary kiln from a commercim grade of 
Tennessee brown-rock phosphate.* 

The conditions of the greenhouse experiments are outlined in toble 2. 
In all experiments the potash and phosphate fertilizers were uniformly 
mixed with the entire mass of soil lust before the seed was sown or the 

{ >lants (cabbage) were transplanted; the initial applications of nitrogen 
ertilizers were made in the same manner. For a given series of 
mcperiments, the phosphates were applied on the basis of equal quan¬ 
tities of total phosphoric oxide (P^»). In the second series of experi¬ 
ments by the Department of A^culture chemically pure c^cium 
carbonate, at the rate of 2,000 pounds per acre, was applied with tlte 
nitrogen, phosphate, and potash fertilizers to one set of pots; in 
' contrast to the first and third series, the plants in this series were har¬ 
vested ^fore the seed heads were formed. 


«These samples were supplied by Paul Caldw^, Mwttmmn Mauufecturing Co., Quinoy* Bl. 
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EFFECT OF PHOSPHATES ON OVEN-DRY WEIGHT AND 
PHOSPHORUS CONTENT OF PLANTS 

The average oven-dry weight and phosphorus content of the plants 
are given in table 3.® All of the soils wore deficient in avai|ab]e 
phosphorus, and marked increases in the growth and phosphorus con¬ 
tent of the plants were invariably obtained by the application of 
either superphosphate, dicalcium phosphate, or certain of the cal¬ 
cined phosphates. For a given series of experiments, the effect of 
the phosphates on the phosphorus content of the plants was, with a 
few exceptions, in the same order as their effect on the dry weight of 
the plants. 

At the Alabama station, the 200-me8h Florida pebble phosphate 
rock was an excellent source of phosphorus for cabbage on Cecil 
clay of pH 0.0. At the West Virginia station, this material was also 
an excelJent source of phosphorus for millet on Dekalb silt loam of 
pH 5.25, whereas it gave very poor results with Sudan grass on 
Dekalb silt loam of pH 0.10. Furthermore, the ground phosphate 
rock was not an efficient source of phosphorus for millet on Norfolk 
loamy fine sand of pH 4,8 (U. 8. Department of Agriculture) and for 
Sudan grass on Clarksville silt loam of pH 0.23 (Arkansas station). 
Under comparable conditions, the 200-mesh Florida pebble phosphate 
appeared to be somewhat more efficient than the 100-mesh material. 
Tlie Florida pebble phosphate gave better results than did either 
tlio colloidal phosphate or the Tennessee brown-rock phosphate. 
Under the conditions of these experiments, the nutrient value of the 
ground pliosphate rock w'os not correlated with either the type or 
})H of the soil or the type of crop grown. 

Wlien the phosphate rock was calcined in such a manner as to volatil¬ 
ize only 50 percent of the flourine the product (sample 7) was invari¬ 
ably less effective than the untreated rock in promoting plant growth 
and absolution of phosphorus. Volatilization of larger percentages 
of the flourine usually had a marked progressive effect in increasing 
the nutrient value of the phosphorus (samples 8 to 13), the effects 
on plant growth and absorption of phospliorus being related, more or 
less directly, to the amount of flourine volatiUzed and to the corre¬ 
sponding citrate solubility of the phosphorus. In general, calcined 
phosphates in wliich the availabilit>' of the phosphorus amounted 
to 78 percent or more (samples 10, 12, and 13), gave as good or better 
results than did supcrjihosphate. 

Addition of calcium carbonate at the rate of 2,000 pounds per acre 
(second series, IT. S. Department of Agriculture) md not liaye a 
pronounced effect on the weight of millet plants fertilized with either 
superphosphate, dicalcium phosphate, or calcined phosphate, but 
caused a marked reduction in tlie weight of those receiving either 
colloidal phosphate or untreated Tennessee brown-rock phosphate. 
Liming increased the total absorption of phosphorus by the plants 
from Uie no-phosphorus pots, but decreased the absorption by plants 
from the phosphate-treated pots. 

The hipest recovery of the applied phosphorus, as indicated by the 
percentage absorption of the phosphorus by the plants (table 3), w^ 
obtained in the experiments at the Arkansas station, followed in 

* The writers are indebted to J, B. Martin, Soil Fertility Investigations, Bureau of Plant Industry, wd 
L. F. Heder, Jr„ Fertiliser Investigations, Bureau of Chemistry and Soils, for assistance in making the 
phosphorus determinations. 
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order by the e^eriments at the West Virginia and Alabama stations 
and the United States Department of Agriculture. Excluding the 
limed-soil series (U. S. Department of Agriculture), the maximum 
recovery of the applied phosphorus was 43.9 percent (sample 11, 
calcinea phosphate, Arkansas station) and the minimum recove:^ 
was 0.08 percent (sample 7, calcined phosphate, first series, U. S. 
Department of Agriculture). In general, the percentage recovery of 
the applied phosphorus decreased with increase in the per acre rate 
of appucation of the phosphate.^' 

Table 8 .— Average overirdry weight and content of plante and recovery of 

applied P2O5 ‘ 

OVEN-DRY WEIGHT 


Phosphate treatment 


Millet 

Sudan grass 




Cab¬ 

bage, 

Ala¬ 

bama 

U. S. Department of 
Agriculture ’ 

West 

Vlr- 

Arkan- 

West 

Vir- 

Sam¬ 

ple 

no. 

Material 


Exper¬ 
iment 
Sta¬ 
tion » 

1 

First 

series 

Second series 

Third 

series 

ginia 

Exper¬ 

iment 

sas 

Exper¬ 

iment 

sm- 

ginia 

Exper¬ 

iment 




Un¬ 

limed 

Limed* 

Sta¬ 
tion * 

tion« 

Sta¬ 

tion* 


No phosphorus...^-.-.. 

1 

Grama 
0.05 1 

Grama 

3.05 

Grama 

1 85 

Grama 

2.30 

Grama 

5.60 

Grama 

17.8 

Grama 
10 8 

Grama 

5.7 

1 

Superphbsp^te.__ 

16.16 

9 25 

6.75 

6.60 

13.45 

30.1 

32 7 

14.5 

2 

Dimlcium'Dhnanhate __ 1 

12.80 

10.30 

7.90 

8.10 

16.70 

31.1 

31.9 

16.5 

3 

Untreated ~ Florida pebble 
phate, 200 *mesh.-,___ 

phos- 

14.75 

j 

6.20 

11.40 

30.7 

23.7 

7.5 

4 

Untreated Florida pebble 

nhatA. 10n>niAfih. 

phos- 



10.40 

7.1 

5 

Colloid^ Dbosphate.__ 


3.90 

3.80 

2.55 



6 

Untreated Tennessee brown-rock 
phosphate..... 


3.35 

2.00 

7.56 



6.9 

7 

Calcin^ phosphate, prepared from 

3.50 

3.70 

6.50 

23.0 

14.7 

7.4 

8 

9 


11.00 

6.05 



10.60 

26.3 

20.1 

9.3 

.do.-. 

14.05 

10.50 



12.15 

27.6 

24.3 

12.8 

10 

11 

_do..... 

17.60 1 

11.60 



14. 76 

30.4 

28. 3 

15.0 

Calcined phosphate, prepared from 
Tennessee brown rock_... .. 

15.95 

12.26 



14.25 

15.45 

28.2 

34.6 

15.0 

12 

_do_-__ 

17.40 

12.70 1 

7.40 

”6.70’ 

31.0 

30.3 

15.8 

13 

__do.—._ 

16.25 










AVERAGE PaOi CONTENT» 


1 

2 

3 

4 

5 

6 

7 

8 
0 
10 
11 

13 

13 


No phosphorus. 

Superphosphate. 

Dicalciumjphosphate. 

UntreatedFlorlda pebble phosphate, 
200 -mesh. 

MiUi’ 

grama 

1.4 

42.4 

34.8 

51.6 

Milti- 

grama 

13.1 

48.9 

49.5 

25.4 

MiUi- 

grama 

7.2 

32.4 

34.4 

Millie 

grama 

10.1 

25.7 

31.5 

grama 

31.9 

70.6 

91.8 

48.1 

45.2 

MiUi’ 

grama 

49.8 

91.8 
100.3 

97.2 

grama 

71.6 

169.4 

149.9 

136.6 

• oo 

Untreated Florida pebble phos¬ 
phate, lOO-mesh__ 



Colloid^ phosphate.. 


ike 

14.8 

13.7 

11.2 

8.8 



Untreated Tennessee brown-rock 
phosphate....... _. 


41.5 

34.1 
43.0 

49.8 

64.2 

55.’6 

67.2 

73.9 



24.4 

24.6 

33.6 
54.0 

62.7 

6 Z 6 

67.8 

CfUcinM phosphate, prepared from 
Florida pebble...... 

7.2 

29.4 

40.6 

47.4 

61.6 

63.5 

13.6 

23.5 

36.7 

40.5 

45.3 

67.4 

69.1 

74.7 

75.7 

92.2 

841 

106.6 

92.0 

121.5 

143.0 

187.0 

218.1 

176.9 










Calcined phosphate, prepared from 
Tennessee brown rock. 

-—do_ 

3L3 

30.4 

.do.... 










< tSUTpsOi Applied at rate of 0.64 g per pot <160 pounds per acre). 
* pounds per acre). 


, „ -applied at rate of 2,000 pounds per acre. 

* Tpw PiOs apraied at rate of 0.35 g per pot (i^ pounds per acre). 
•Tpei lPiOi a|ii^ at rate of 0.334 g per pot (66.8 poun(& per acre) 
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Table 3 . —Average oven-dry weight and PiPi content of plants and recovery of 

applied —Continued 

AVERAGE RECOVERY OF APPLIED PtO» 


Phosphate treatment 

1 

Cab¬ 

bage, 

Ala¬ 

bama 

Millet 

Sudan grass 

Sam¬ 

ple 

no. 

i Material. 

U. S. Department of 
Agriculture 

West 

Vlr- 

I 

Arksn*^ 

West 

Vir- 

Exper¬ 

iment 

Sta- 


Second series 

Third 

ginia 

Exper¬ 

iment 

Exper¬ 

iment 

Sta- 

ginia 

Exper¬ 

iment 



tion 

series 

Un¬ 

limed 

Lime 

series 

Sta¬ 

tion 

tion 

Sta¬ 

tion 



Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 



cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

1 

Superphosphate. 

6.4 

6.0 

4.2 

2.6 

6.4 

12.0 

29.3 

10.4 

2 

Dicalcium phosphate.... 

5.2 

6.1 

4.5 

3.6 

10.0 

14.4 

23.4 

13.5 

a 

Uniretited Florida ])ebbie phos- 










phate, 2()0-mesh.-. 

7 8 

2.1 



2.7 

13.6 

19.5 

‘ 2.5 

4 

U htreated Florida {>ebble phosphate, 










100-inesh... 





2.2 



2.4 

5 

Colloidal phosphate.... 


.9 

1 3 

•2 





6 

Untreated Tennessee brown-rock 




1 






phosphate. 



1.1 

— 2 i 

1 6 



.6 

7 

Calcined phosphate, prepared from 










Florida pebble. 

.9 

.08 


1 

.4 

5.5 

0 1 

.6 

8 


4.4 



.i 

1 8 

7,1 ! 

14.9 

3.2 

9 

-do.-. 

7.6 

a! 8 

. 


3.0 

7 4 ; 

21.4 

9.3 

10 

.do.-__ 

7.2 

6.1 



5.4 

12.1 

34,6 

11.5 

11 

('alcined phosphate, prepared from 










Tennessee brown rock. 

9 4 

5.4 



3.9 

9.8 

43.9 

11.5 

12 

_.do.. -.. -- * 

9.7 

9.1 

' ’■ 5 . 0 * 

3.4 

5.9 

16.2 

31.6 

12.9 

13 

.do. 





7.0 





RELATIVE EFFICIENCIES OF THE PHOSPHATES 

The relative efficiencies of the phosphates, as indicated by the 
mcrease in the dry weight and phosphorus content of the plants, 
are summarized in table 4. InjJthisJtable the efficiencies of the phos¬ 
phates are based upon 100 as the increase in dry weight or phospnorus 
content due to the appUcation of superphosphate. Although the 
individual series of experiments showea some discrepancies between 
the relative efficiencies of the phosphates as determined by the increase 
in the diy weight and the phosphorus content, respectively, the aver¬ 
age efficiencies (table 4), as^detennined in this way, were, for the 
most part, in very good agreement. In general, the average efficiency 
as determined by the increase in dry weight was somewhat higher 
than that determined by the increase in phosphorus content. 

The efficiency of the untreated 200-mesh Florida pebble phos¬ 
phate rock was superior or approximately equal to that of the super¬ 
phosphate in the experiments with cabbage at the Alabama station 
and with millet at tne West Virginia station. In the other experi¬ 
ments the efficiency of this material was decidedly inferior to that 
of superphosphate. The results of the two experiments in which 
direct comparisons were made indicate a slighuy higher efficiencv 
for the 200-*mesh Florida pebble nhosphate rock than for the 100«*mesh 
material. The colloidal phospnate and the untreated Tennessee 
brown-rock phosphate were markedly less efficient than the untreated 
Florida pebble. The relative efficiency of dicalcium phosphate, as 
indicated by these experiments, was approximately the same as that 
reported by Ross, Jacob, and Beeson (tB). 
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In the case of the calcined phosphates, removal of only 50 percent 
of the fluorine (sample 7) caused a reduction in the citrate solubility 
and a marked decrease in the relative nutrient efficiency of the phos¬ 
phorus as compared with that of the phosphorus in the original phos¬ 
phate rock. With further removal of fluorine there was a progressive 
increase in the citrate solubility and, with few exceptions, in the rela¬ 
tive nutrient efficiency of the phosphorus. Cyalcined phosphates 
(samples 10 to 13) from which 90 percent or more of the total fluorine 
had been volatilized (corresponding to a citrate solubility of 65.4 
percent or higher) showed higher average relative nutrient efficiencies 
than did superphosphate. 

Table 4 .—Comparative efficiencies and availabilities of phosphates 




Average efficiency of 
PaOs as indicated by 
increase in — 

Availability of PjOj 
determined by - 

fc^am- 






pie 

Pliosphate 





no i 


I>ry weight 
of plants > 

PaOa con¬ 
tent of 
pianist 

Neutral 
ammonium 
citrate 
method * 

2-|>erc*ent 
citric acid 
metluMl 3 





Percent 

Percent 

1 

Superphosphate..... 

100.0 

100.0 

99.6 

90.4 

2 

Dicaluiuin phosphate___ __ 

a U2. 4 

3 no 9 

100.0 

100 0 


Untreated Florida jiebble phosphate, 200-mesh- 

* (KJ.G 

♦07.1 

13.2 

21.9 

4 

ITntreated Florida pebble phosphate, JOO-mesh. 

6 :iH. 6 

5 28.0 

! n.o 

21.9 

5 

Colloidal phosphate. 

Untreated Tennessee brown-rock phosphate... 

5 2ft 7 

6 22 8 

10 4 

31.7 

« 

6 23.0 

6 18.6 

7.6 

19.8 

7 

Calcined phosphate, prepared from Florida i 






pebble. 

* 19.7 

♦ 15.6 

0.8 

1ft 8 

8 

—do. i 

< 54.9 

♦ 44 5 

20.6 

27 7 

9 

.do.-. 

6 85.9 

♦ 75. 2 

49.1 

54 4 

JO 


6 109.4 

< 104. 5 

78.1 

82 ft 

11 

Calcined phosphate, prepared from Tennessee 






brown rock. 

* 109. 4 

« lOft. 6 

05 4 

69 3 

12 

.do___- . 

3 1 Iti. 2 

3 125 9 

I 80.1 

92.7 

13 

.. 

J 135. 7 

1 108.5 

1 92.7 

94,3 


1 Based on the increase from superphosphate as 100; excluding results obtained with limed soils 

2 Based on the total PjOs content of the material. 

Average of 7 series of experiments. 

< Average of 6 senes of experiments. 

' Average of 2 series of expenments. 

Average of 3 series of ex^ieriments. 

^ J series. 

COMPARATIVE EFFICIENCIES AND AVAILABILITIES OF 
PHOSPHATES 

The data given in table 4 show a fairly direct relation between the 
availability of the phosphonis, as determined by either the neutral 
ammonium citrate or the 2-percent citric acid method, and the rela¬ 
tive nutrient efficiency of the phosphorus, as indicated by the increase 
in either the dry weight or the phosphonis content of the plants. 
The relation is particularly noticeable in the series of calcined phos¬ 
phates (samples 7 to 10) prepared from Florida pebble phosphate. 
The average relative efficiencies of the calcined phosphates were 
significantly higher than their solubilities in ammonium citrate and 
citric acid would indicate. 

With the exception of superphosphate, the average efficiency of the 
phosphate materials was more closely correlated with the solubility 
of the phosphorus in 2-percent citric acid than in neutral ammonium 
citrate solution. Likewise, Jacob and Ross (JS) report that the 2- 
percent citric acid method seems to give a better index of the nutrient 
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value of steamed bone meal, Tennessee brown-rock phosphate, and 
synthetic calcium phosphates than does the neutral ammonium 
citrate method* On the other hand, Bartholomew and Jacob {2) 
have shown that the citrate method gives, in general, a much better 
indication of the nutrient value of iron and aluminum phosphates than 
is obtained by the citric acid method. As compared with the citrate 
solubility, the lower citric acid solubility of the phosphorus in super¬ 
phosphate (table 4; also, 14^ 15) is probably due to the presence of 
iron and aluminum phospliates, either or both. 

RELATION BETWEEN VOLATILIZATION OF FLUORINE AND 
NUTRIENT VALUE OF CALCINED PHOSPHATE 

As compared with the untreated phosphate rock, volatilization of 
50 percent of the total fluorine in the rock caused a decrease of approxi¬ 
mately 40 percent in the nutrient value of the phosphorus (taole 5)®. 
Also, the nutrient value of the phosphorus was decreased about 10 
})erceiit by the removal of 64 percent of the fluorine. On the other 
hand, volatilization of 97 percent of the total fluorine caused an 
increase of approximately 55 percent in the nutrient value of the 
I)hosphorus, as compared with an increase of about 35 percent when 
the rock was converted into superphosphate. 

Table S.- -Relation between volatilization of fluorine and nutrient value of calcined 

phosphate 


Sam -1 

plo i Pliasphate material 

no. I 

I 


3 entreated Fl<iridH pebble phosphate, 2(X)-niesh. 

* 7 t'ulciiied phosphate. 

5 8 do. 

’• 9 - -do. 

* 11 -do... 

■MO _.do.-.-_ 

M2 ..do. 

1 Florida pebble superphosphate . 

I Baaed on 100 as the total dry weight or PjOt content of plants receiving untreated Florida pebble phos¬ 
phate; excluding the second series of the Department of Agriculture. 

> Fluorine oorresixmding to the second atom of fluorine in the lluorapatite equivalent of the total phos¬ 
phorus. 

< Prepared from Florida pebble phosphate. 

* Prepared from Tennessee brown-rock phosphate. 

> Apitroximate figure. 

In the Florida pebble phosphate rock used in these exj^riments, 
the fluorine in excess of that corresponding to the second (F'b) atom 
of fluorine in the fluorapatite equivalent of the total phosjfliorus, 
amounted to approximately 63 percent of the total fluorine. In 
agreement with the relation between fluorine volatilization and citrate 
solubility established in previous work {17, 22, 2S), no increase in the 
nutrient value of the j)hosphorus occurred until all of the fluorine in 

excess of the F'b fluorine was volatilized. 

-—— 

< It should be noted that the relative nutrient values shown in table 8 are Iwwed bn the total dry 
weight and PsOi content of the plants, in contrast tt> table 4 in which efficiency of PrOs is based on 
Increases of dry weight and PiO« content. 


Average nutrient 
value' of phosphate 
as indicated by 
total— 

__ - 

Fluorine volatilized in 
preparation of cal¬ 
cined phosphate 

Inry weight 

PiO# oon- 
teui of 
plants 

Total 

F'b flu- 

j of plants 

fluorine 

orine * 

100.0 

100.0 

Percent 

Percent 

62.7 

59.2 

49.9 

U 

93.1 


64.2 

1.6 

123. 1 

116.3 

78.9 

44.0 

144.8 

143.1 

«90.0 

*76.0 

143. 3 

142.0 

93.3 

82.2 

149.6 

163.9 

*97.0 

<93.0 

134.3 

1,37.9 

1_j 
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The available evidence indicates that volatilization of fluorine in 

a uantity less than that present in excess of the F'b fluorine, r^ults in 
lie formation of hydrox 3 rfluorapatite, a compound which is prac¬ 
tically insoluble in citrate solution and which has comparatively little 
value as a source of phosphorus for plant growth, volatilization of 
the F'b fluorine resmts in the formation of hydroxyapatite, which 
also is comparatively insoluble in citrate solution. However, at 
1,400° C. and in the presence of silica, the hydroxyapatite is converted 
into citrate-soluble phosphate, wlfich is believed to be principally, if 
not entirely, the hi^-temperature form of tricalcium phosphate. 

SUMMARY 

In order to obtain information on the nutrient value of the phos¬ 
phorus in calcined phosphate, greenhouse pot experiments with 
cabbage, millet, and Sudan grass were carried out on Cecil clay, 
Clarksville silt loam, Norfolk loamy fine sand, and Dekalb sUt loam 
soil types, ranging in pH from 4.8 to 6.23. In the calcined phosphates, 
which were prepared from Florida land-pebble phosphate and Ten¬ 
nessee brown-rock phosphate, the citrate solubility of the phosphorus 
ranged from 7 to 63 percent, corresponding to the volatilization of 50 
to 97 percent of the total fluorine. Comparative experiments were 
also made with superphosphate, dicalcium phosphate, and ground 
phosphate rock. 

The nutrient value of calcined phosphate was related, more or less 
directly, to the citrate solubility of the phosphorus, which depended 
on the amount of fluorine volatilized from the rock during calcination. 
Volatilization of the fluorine in quantity less than that (about 63 
percent of the total fluorine content of the phosphate rock) corre¬ 
sponding to the fluorine in excess of the second atom of fluorine in the 
fluorapatite equivalent of the total phosphorus, decreased the citrate 
solubility of the phosphorus, as compared with that of the phosphorus 
in the ori^al phosphate rock, and markedly reduced the nutrient 
value of the phosphorus, as indicated by the plant growth and the 
absorption of phosphorus. Volatilization of 64 percent or more of 
the fluorine caused a progressive and pronounced increase in the 
citrate solubility and nutrient value of the calcined phosphate. 

In general, calcined phosphates showing citrate solubilities of 
approximately 78 percent or higher (corresponding to the volatiliza¬ 
tion of 93 percent or more of the total fluorme content of the original 
phosphate rock) were as efficient sources of phosphorus for plant 
growth as were equivalent quantities of total phosphonis from either 
superphosphate or dicalcium phosphate. 

In general, the effect of the phosphates in increasing the dry weight 
of cabbage, millet, and Sudan g^ass was related fairly closely to their 
^ect in increasing the quantity of phosphorus absorbed by the 
plants. 
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THE PHOSPHORUS CONTENT AND REQUIREMENTS OF 
THE FLOUR BEETLE TRIBOLIUM CONFUSUM DUVAL, 
AND A STUDY OF ITS NEED FOR VITAMIN D‘ 

By J. W. Nelson, analytical chemist, and L. S. Palmer, dairy chemist^ Division 
of Agricultural Biochemistry, Minnesota Agricultural Experiment Station 

INTRODUCTION 

Little is known regarding the mineral requirements of insects or 
their mineral content. Ijoeb UY demonstrated that Drosophila 
requires phosphorus but not calcium. Uvarov {11) summarized the 
existing knowledge of the phosphorus content of insects, nine species 
only being listed. Tribolium was not mentioned. Sweetman and 
Palmer (/O) showed the feasibility of usit^ Tribolium as a test 
animal for biological analysis. They found that this insect requires 
AUtamin B (undifferentiated complex) in its food, as had been dem¬ 
onstrated for Drosophil-a by G»iy4not (as cited by Uvarov (11)), 
Northrop (6), and Bacot and Harden (1), and for Ephestia kueh- 
nidla by Richardson (,9). Hobson (2) showed that aseptic blowfly 
larvae require four types of growth factors found in yeast. These 
factors are an insoluble fraction and three soluble fractions, one 
heat-labile, probably B,, and two heat-stable, probably Y and Bj. 
No need of Tribolium for vatainin A could be demonstrated by 
Sweetman and Palmer, and additions of vitamin D to a normal ration 
exerted no beneficial effect. However, no experiments have been 
reported that show whether insects actually do require vitamin D. 

MATERIAL AND METHODS 

Tribolium eon fimum was employed in a study of phosphorus require¬ 
ment, and inasmuch as the normal utilization of this element by 
vertebrates is greatly influenced by vitamin D, advantage was taken 
(»f the opportunity to examine more critically the question as to 
whether this insect requires vitamin D. The adequacy of the rations 
tested was measured in a constant physical emdronment by the 
length of tlie larval stage, either from the day-old egg or from hatching 
to pupation. 

In order to secure a sufficient number of individuals for phosphorus 
analysis, day-old eggs were placed directly in the experimental 
rations, which had been adjusted to 10 percent moisture, and incu¬ 
bated at a temperature of 32° C. and a relative humidity of 75 
percent. At the time of pupation the pupae were removed daily 
by sifting the culture through a coarse sieve. About 200 live larvae, 
pupae, or adults and about 4,000 eggs (figuring 450 per 0.1 cc) repre¬ 
sented a single sample for analysis. Dry-matter determinations were 
made at 100° C. under reduced pressure in vacuo, and total ash, 
calcium, and phosphorus were determined by the method of Morris, 
Nelson, and Palmer (5). 

‘ Heceivoil for publioatlon February 16, 1935; Jsitued July, 1935. Paper No. 1334, Journal Series 
Minnesota Attrioultural Experiment Station. The data here presented are part of a thesis submitted 
by J. W. Nelson to the fhoutty of the University of Minnesota in partial fulflllmeot of the requirements 
for the degree of master of soienoe. 

2 Reference is made by number (italic) to literature Cited, p. 852. 
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EXPERIMENTAL RESULTS 

Preliminary experiments had indicated that the adults contained 
more phosphorus than the pupae, and that this increase was taking 
place in the pupae before metamorphosis was completed. 

The results of the analyses of all the stages, given in table 1, show 
that the percentage of dry matter decreases with advancing stages 
in the life cycle and that the percentage of ash and phosphorus in 
the dry matter increases. 

Table 2 gives the results of growing Tribolium on irradiated and 
nonirradiated rations of different sorts. When irradiated and non- 
irradiated farina (with and without added CaCOs) were used, no 
differences in the growth of Tribolium were observed. When a syn¬ 
thetic irradiated diet was employed the time required for pupation 
was greater than when a nomrmdiated diet was used. Adding 
cod-liver oil to a nonirradiated ration decreased the time of pupation 
slightly, but not significantly. The slight benefit of cod-liver oil was 
more ukely due to the alleviation of a dusty condition of this ration 
than to its vitamin content. 


Table 1. —Mean ancdyeia of different stages in the life cycle of Tribolium confusum 
when kept at a temperature of C. and a relative humidity of 75 percent, whole- 
wheat flour, sifted through no, 6 bolting cloth, being used as food 


Stage 

Individual 
live weight 

Dry 

matter 

Content on a dry-matter basis 
of— 

Ash 

Calcium 

Phos¬ 

phorus 

Egg.... 

Milligramit 

0.092 

Percent 

68.80 

42.26 

40.01 

39.07 

Percent 

1.86 

2.07 

2.16 

2.30 

Percent 

0.024 

.040 

.066 

.064 

Percent 

0.446 

.456 

.522 

.698 

Larval____ - 

Pupal........ 

2.0 

Adult........ 




Table 2. —Growth of Tribolium confusum on rations containing or deficient in 
vitamin D with and without a calcium supplement, when kept at a temperature of 
32^ C, and a relative humidity of 75 percent 


[Approximately 1,100 day-old eggs were placed in 300 g of food] 


Ration 

Phos¬ 
phorus iu 
ration 

j 

Calcium 1 
in ration 

Pupae 

Period of growth, egg to 
pupation 



Mean ^ 


Irradiated farina».. 

Percent 
a 097 

Percent 

0.030 

Number 

262 

Dave 

61. 6±0 .429 

10 .3+0. m 

Nonirradiated farina. 

.m 

.000 

838 

51.3±: .348 

9. 5+ . 246 

Irradiated farina+lA percent CaOO >. 

Nonirradiated farins4-1.5 pwoent OaCO a... 

.099 

.644 

243 

56.6+; . 407 

9.4+ .288 

.099 

.644 

227 

56. Idb . 145 

3.2+ . 102 

Irradiated synthetic diet * . 

.196 

.527 

266 

74.ld= . 339 

8.2+ .240 

Nonirradiated synthetic diet <. 

.196 

.627 

367 

60. Si .214 

6 .1+ . 151 

Nonirradiated synthetic diet <+0.5 percent 
cod-liver oU..... 

.196 

.627 

504 

55.0+ .182 

6 .1+ . 129 


I M6ana>?a«^; dbProbable error x«0.6745 

* Standard deviationdbProbable error 4r*«0.6745 

* Ration irradiated for 15 minutes at 20 inches with a quartz mercury vapor sun lamp, operating at 110 

Volte, 5 amperes. « 

«Synthetic diet contained 12.5 percent arachin, 2.5 poroent edeetin, 8 percent Crisoo, 75.6 percent dextrin, 
4 percent Osborne and Mendel (7) salt mixture with only one-half the normal amount of phosphorus pres¬ 
ent, and 2.5 percent of yeast extract made by digesting pure dry yeast withSBO-peroent ethyl alcohol for 
2 days at 32** O. The araifoin was prepared from defatt^ peanut meal by the method of Johns and Jonas 
1$) and the edestin from defatted hempseedby the sodium benzoate method of Reevsa (5). 
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Inasmucbi as the lowest phosphorus content of these rations prove p 
to be essentially the limiting level of this element it is evident that 
Tribolium does not have a vitamin D requirement analogous to that 
of the vertebrates. The similar growth on similar rations of the high 
calcium low phosphorus tvpe, on which rats would become so rachitic 
unless vitamin D is proviaed, lends further support to this conclusion. 

The phosphorus requirement of Tribolium was determined from 
the growth and phosphorus content of the insect when reared on a 
synthetic ration containing five definite levels of phosphorus. These 
levels were obtained by using the synthetic ration described in table 

2 and five salt mixtures prepared by the Osborne and Mendel (7) 
technic, one being phosphorus free. From the results given in table 

3 it is seen that under the conditions described the time of pupa¬ 
tion was proportional to the amount of phosphorus present in the 
ration. The liniiting amount of phosphorus is probably about 0.1 
percent. The difference between the time of pupation on 0.1- and 
0.2-percent levels of phosphorus was 35 days, which was 248 times 
the probable error of the difference. However, there was no signifi¬ 
cant difference in the amount of phosphorus in the pupae. The data 
indicate that the larvae must eat sufficient food to bring their phos¬ 
phorus content up to a certain level before pupation will occur. This 
requirement for phosphorus probably explains in part the slower 
development and smaller populations of Tribolium in patent flour and 
similar products than in whole-wheat flour. Patent flour ranges in 
phosphorus content from 0.07 to 0.10 percent. 

Tablk 3. — Growth^and phosphorus content of Tribolium confusum on synthetic 
rations with different phosphorus leiiels^ when kept at a temperature of C. and 
a relative humidity of 75^ percent 


(Approximately 8,109 day-old eggs were placed in 1.500 g of rations 1.4. and 5. 2,700 in 500 g of ration 2, and 

6,400 in 848 g of ration 3] 


RUion > 

[ 

Phos¬ 

phorus 

content 

Pupae 

1 

Period of growth, egg to 

1 pupation 

Phosphorus in dry pupae 

Mean 

<r 

Mean 

v 


Percent 

Narntter 

Dayt 


Percent 


1. 

0 017 

%6 

89.96:^:0.387 

18.09:h0.274 

0. 617db0.003 

0.009dt:0.002 

2. 

. 107 

776 

71.49d= .138 

6.7l± .098 

. 539d: . 002 

.006:4: .001 

3. 

.206 

4.346 

36.96:4: .098 

3.72± .027 

.630d= .002 

.016:4; .002 

4. 

.290 

6.881 

34.26d: .020 

3.00d= .021 1 

.m± .001 

. 012± , 001 

5. 

.336 

1 

7,336 

33.43:±: . 026 

3.27d: .018 

.640:4: .001 

.Olid; .001 


t Synthetic ration the same as in table 2. the only variable being the amount of phosphorus in the salt 
mixture. 


SUMMARY AND CONCLUSIONS 

Analyses of Tribolium confusum Duval at different stages in its life 
cycle snow that the eggs, larvae, pupae, and adults contain, respec¬ 
tively, j58.8, 42.26, 40.01, and 39.07 percent of dry matter. The dry 
matter ofjeggs, larvae, pupae, and adults contains, respectively, 1.85, 
2.07, 2.15, andj2.36 percent^of ash, and 0.445, 0.456, 0.522, and 0.598 
percent of phosphorus. ( < 

Tribolium does not need vitamin D for any physiologic function 
that can be detected ihy length of time to pupation or by phosphorus 
content of the pupae. 
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The time of pupation of Triholium is somewhat proportional to the 
amount of phosphorus in the ration, other factors being constant. 
The limiting amount of phosphorus is probabljr 0.1 percent. How¬ 
ever, the percentage of {Bosphorus in the pupae is constant regardless 
of the amount of phosphorus in the ration. 

The slower development and smaller populations of Triholium in 
patent flour and similar products than in whole-wheat flour is probably 
due in part to the low phosphorus content of these foods. 
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VITAMIN A CONTENT OP EGGS PRODUCED BY CHICK¬ 
ENS FED VIOSTEROL AND VARIOUS PERCENTAGES 
OF COD-LIVER OIL' 

By Grace M. DeVaney, asaiatant nutrition chemiaLFooda and Nutrition Diviaion, 
Bureau of Home Economica; and Harry W. Titus, biological chemiatj and 
Ralph B. Nesiler, junior hiologiat^ Animal Huahandry Diviaion^ Bureau of 
Animal Induatry^ United Statea Department of Agriculture 

INTRODUCTION 

Very little is known regarding the interrelationships of any of the 
vitamins either in man or in experimental animals. Much of w^t 
little work has been done has given results of a negative nature. 
Coward (S),* however, has recently reported data which apparently 
indicate that with rats the growth responses to different doses of one 
vitamin are influenced by the amount of another vitamin present in 
the diet. In proof of this she shows that curves of response—average 
gain in weight plotted against imits of vitamin D fed—obtained by 
giving the same series of doses of vitamin D but with basal diets 
containing different amounts of vitamin A do not coincide at any 
point. Similar flndings are reported for the B vitamins. 

Recent work in this laboratory has shown that the vitamin D 
content of eggs may be increased many times by adding viosterol to 
the diet of the chickei\ {Gailm domestieus). It is common knowledge 
that the vitamin A content of eggs depends upon the amount of tins 
factor in the diet of the chicken. In view of the possibility that 
vitamin D in the form of viosterol might have some effect on the 
vitamin A storage in the eggs, it seemed advisable, before definitely 
recommending that poultry raisers use viosterol to increase the 
vitamin D content of eggs, to determine wliat effect, if any, this added 
vitamin D might have on the vitamin A content of the egg. Cod- 
liver oil was used in the diet as the source of vitamin A. Incidental 
to this study of vitamin interrelationships data were obtained on the 
influence of the various levels of cod-liver oil in the diet of the chicken 
on vitamin A content of egg yolk. 

REVIEW OP LITERATURE 

JT 

Data on the vitamin A content of eggs have been reported by 
various workers. Sherwood and Fraps (9) have recently shown that 
eggs from pullets fed a baral diet containing 20 percent yellow com 
as the only source of vitamin A had about 20 Sherman-Munsell units 
of vitamin A per gram of yolk at the beginning of the exjjeriment and 
from 5 to 8 toward the end of the OH-month ^ding period. 

Bisbey and coworkers {S) reported the influence of yellow corn, and 
yellow com plus alfalfa or cod-liver oil in the diet of the chicken on 
the vitamin A content of the egg yolk. The percentage of these 
component s in the diets and the vitamin A content of the egg yolk 

1 Beoeivad (or publioation Mar. 7, 1035; issued July, 1936 
* Keferenoe Is made by number (italic) to Literature Cited, p. 869. 
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Washington, 0, 0. May 15, 

Key no. T-7 


143910-86-6 


(853) 




854 


Journal qf Agricultural Research 


Vol. 50, no. 10 


were as follows: On 65 percent of yellow corn plus 10 percent of alfalfa, 
28 units (Sherman-Munsell) per gram of yolk; on 65 percent of yellow 
corn, 9 units; on 35 percent of yellow corn, 7 units; and on 25 percent 
of yellow corn plus 0.5 percent of cod-liver oil, 28 units. 

Munsell (7) reported the vitamin A content of some eggs purchased 
on the New York market as 50 units per gram of yolk. 

Bethke, Kennard, and Sassaman {1) gave the vitamin A value of 
yolks of eggs from confined birds as varying from 5.2 to 11.4 units, 
while that of eggs from birds oa range or receiving cod-liver oil had 
25 units or more per gram. 

MATERIALS AND METHODS 

Three pairs of pens of crossbred pullets kept at the United States 
Animal Husbandry Farm at Beltsville, Md., were used in the present 
experiment. These birds were the offspring resulting from mating 
Barred Plymouth Rock females with Rhode Island Red males. Each 
pen contained 18 pullets and 1 cockerel. The birds were confined 
indoors and received no direct sunlight. A description of the basal 
diet and the vitamin supplements are given below. 


Basal diet fed to paired pens of pullets 


Percent 


Basal feed mixture_73. 15 

Desiccated meat meal,.. 8. 00 

North Atlantic whitefish meaL_ 7. 00 

Dried buttermilk__ 5. 00 


Percent 


Ground limestone..2. 87 

Special steamed bone meal.2. 98 

Anhydrous Na^SO^.50 

NaCl......50 


Vitamin supplements given to paired pens of pullets 

Pen 21—1 percent of cod-liver oil. 

Pen 22—1 percent of cod-liver oil and 0.5 percent of viosterol 160 D. 

Pen 23—2 percent of cod-liver oil. 

Pen 24—2 percent of cod-liver oil and 0.5 percent of viosterol 160 D. 

Pen 25—8 percent of cod-liver oil. 

Pen 26—8 percent of cod-liver oil and 0.5 percent of viosterol 160 D. 

The basal feed mixture which made up the bulk of the basal diet 
contained yellow com meal, 52.63 percent; wheat bran, 25.79 percent; 
rolled oats, 15.79 percent; alfalfa-leaf meal, 5.79 percent. The cod- 
liver oil was a high-grade commercial product sold for animal-feeding 
purposes. The pullets were put on the above-described diets at the 
end of August 1933. !l^g samples for analysis were taken from Janu¬ 
ary 1 through June. Each sample was made up from the eggs laid 
during a 7-day period and included one egg from each pullet that laid. 

In addition to eggs from pullets in the 6 pens listed above, a com¬ 
posite sample of eggs from 8 pens of pullets led diets which contained 
no added cod-liver oil or viosterol was tested for vitamin A. The 
diets fed to these 8 pens of pullets contained the same percentage of 
basal feed mixture as the basal diet described above but the protein 
supplements in each case were entirely of ^ant origin.' The birds on 
these diets had access to a limited range. The eggs will be referred to 
as from pullets on a. p. s. (all plant source) diet. 

Vitamin A tests were made according to the regular Sherman- 
Munsell method (,8) except that the test period was of 5 weeks’ 
duration instead of the usual 8 weeks. The basal diet fed to the rats 
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was a slight modification of that used by Sherman and Munsell. It 
contained the following ingredients: Vitamin-A-free casein, 18 percent; 
irradiated yeast, 5 percent; nonirradiated yeast, 5 percent; Osborne 
and Mendel salts, 4 percent; sodium chloride, 1 percent; hydrogenated 
vegetable fat, 10 percent; and starch, 57 percent. The rats were 21 
days old when put on the basal diet. They showed cessation of 
growth and quite uniform ophthalmic symptoms about the thirty- 
first day on this diet. 

Samples of egg-yolk mixture for testing were made up each week. 
The yolks were separated as cleanly as possible from the whites and 
any small amount of white still adhering was removed with filter paper. 
The yolks were then mixed thoroughly with an electric beater and a 
weighed portion of the composite sample mixed with four times its 
weight of vitamin-A-free casein. These egg-casein mixtures were 
weighed out on an analytical balance three times weekly, and fed as 
supplements to the basal diet. Between weighings they were stored 
in air-tight containers at 20® F. 

EFFECT OF VIOSTEROL 

The main purpose of the experiment was to determine whether there 
was any difference in vitamin A storage in the eggs due to added 
vitamin D in the diet. Therefore equal w^eights of yolk of eggs from 
pullets given cod-liver oil and from those given the same quantity of 
cod-liver oil with viosterol w^ere allotted to litter-mate test animus 
of the same sex and w’eight. For example, when a rat was allotted 
0.05 g per day of yolk of eggs from pen 21 (table 1) a carefully matched 
animal of the same litter, sex, and weight was allotted the same 
amount of yolk of eggs from pen 22. 

Table 1.— Comparison of the gain in weight and the food intake of paired groups of 
rats having as the only source of vitamin A the yolk of eggs from pullets receiving 
cod^liver oil or cod-liver oil and viosterol 


Pairs of 
rats fed 
egt! yolk 
(numlwr) 


10 -. 
10 -. 

14.. 
10 . - 
11 -- 

15.. 

17.. 

14.. 

15.. 


1 TofJ xaln in weight of rats 


QiiAn- 
lily of 
egt? yolk 
fed iKsr 
rat |>er 
day 


Ora ms 

0.0125 


pullets 


.025 


.05 


Eggs 
obtained' 
from i 
pen no.—I 


(— 


Cod- 

liver 

oil 


Pd. 

1 

1 

2 

2 

8 

8 

1 

1 

2 

2 

8 

8 

1 

1 

2 

2 

8 

8 


Vloiii- 
terol 
160 D 


during 5-week test (leriod 


Total food intake of rats 


Aver¬ 
age per 
rat 


Grams 

} C) 

(») 

19.9 

16.3 

6.2 

16.3 
21.2 

18.7 

48.8 

38.9 
28.2 
27.5 

34.4 
35.0 

52.9 

54.9 


Standard j Proba- 
devialion I bility 
of differ- ! that dif- 


botween 
pairs of 
rats 


may have 
occurred 
by chance 


22.96 
19.93 
13.10 
14.65 
15.48 
17.18 
15.51 


0.47 
.15 
.53 
.02 
.86 
.89 
.63 


Aver¬ 
age per 
rat 


Grams 


Standard 
deviation 
of differ- 


between 
pairs of 
rats 


48.96 

34.95 

29.47 

31.61 

32.59 

46.30 

35.98 



0.65 

.10 

.41 

.19 

.32 

.80 

.63 


113 of the 20 rats died before the end of the 5-week test period. 
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The egg samples were also allotted to the members of a litter of test 
animals in such a wav that all (up to six) received the same weight of 
egg mixture but each from a different pen. Therefore comparisons 
of the growth of animals on the same weight of egg from the various 
diets are comparisons, for the most part, between litter mates, while 
those between rats fed different amounts of the same kind of egg are 
not litter-mate comparisons. Furthermore, the eggs were appor¬ 
tioned in such a way that any seasonal influence womd be equalized 
in the tests of all of the different kinds of eggs and the different levels 
of feeding. 

Feeding trials of this kind with several pairs of rats were made at 
three levels, 0.0125, 0.025, and 0.05 g. Most of the animals fed 
0.0125 g daily of yolk of eggs from pens 21, 22, 23, and 24 died before 
the end of the 5-week test period. Therefore no data were available 
for analysis at this level of the eggs from these two pairs of pens. 

The effect of added vitamin D in the diet of the chicken on the 
vitamin A content of the egg yolk was evaluated by comparing the 
differences between the gains in weight made by the rats of each pair 
by Student^s method as described by Fisher (5). The formula used is 

^ mean difference X -yjN 

t- g , 

where S is the observed standard deviation of the differences and N 
is the number of pairs. A t value corresponding to a probability of 
0.01 is to be considered as indicating a significant average difference. 
The mean gains, food intake, number of pairs used in each compari¬ 
son, the standard deviation, and the probability of getting a difference 
as great or greater than the observed difference are tabulated in 
tablTe 1. 

Since only one of the differences has a probability that approaches 
0.01 and the rest are greater than 0.05, it may be concluded that the 
presence of added vitamin D in the diet of the chicken had no signif¬ 
icant influence on vitamin A storage in the eggs. 

EFFECT OF DIFFERENT LEVELS OF COD-LIVER OIL 

Comparisons were also made of the vitamin A content of the yolks of 
eggs from pullets on the various levels of cod-liver oil and those on the 
all-plant-source diets. Data from rats fed the same weight of egg 
yolk from the two groups of pullets on each level of cod-liver oil were 
combined irrespective of whether the diet contained added viosterol. 
For example, the data from rats fed 0.025 g of yolk of eggs from pen 
21 were combined with the data from rats receiving a like amount of 
yolk of eggs from pen 22. This seemed a logical procedure since no 
effect on storage of vitamin A in eggs due to viosterol in the diet of the 
pullet could be demonstrated. A few additional values were included 
that were not used in the paired comparisons of the first analysis 
either because the animal from which the data were obtained was an 
odd one of a litter or because its litter mate had died. Each group, 
however, contained equal numbers of males and females. 

These comparisons were m^e by covariance analysis. The gains 
^in weig:ht were corrected for differences in feed intake by means <n the 
,i*egression of gain in we^ht on feed eaten. Snedecor {10) and Tippett 
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{II) describe the mechamcs of this method. Applications of covari¬ 
ance analysis to biological data are given in detail by Titus and 
Harshaw {12) and by Crampton (4). 

As already explamed, data were available from only seven of the 
groups of rats fed eggs from pullets given cod-liver oil. These 7 
groups as well as the 2 groups fed eggs from pullets given no added 
vitamin concentrate were regarded as sei>arate treatments. An 
analysis of covariance was considered justifiable since the slopes 
of the regression lines expressing the relation between feed and gain 
were approximately the same for all of the nine groups. The variance 
was divided only into that attributable to treatment and to error. 
Using the pooled regression coefficient of 0.33204, the sums of squares 
were corrected and a 2 value [2=^ (log, variance due to treatment — 
log, variance due to error)] of 1.1188 was obtained. The necessary 
2 for P=0.01 when ni=8 and n2=254, is 0.4742. Since the cal¬ 
culated value of 2 is greater than this, it is probable that there are 
significant differences among the corrected gains which are not 
attributable to chance. The mean gain in weight of the rats of each 
group was then corrected by subtracting the product of the regression 
coefficient and the difference between the mean food intake of the 
group and the mean food intake of all of the groups (266.8 g). The 
corrected values are given in table 2. 

Table 2. —Observed and corrected average gains in weight of the groups of rats 
used in the vitamin A tests on yolk of eggs from pullets fed different percentages 
of codAiver oil 


Kat8 in group 
(nuinlMsr) 

Quant It V of 

I ogR yolk 
fe<I per rat 
per day as 
source of 
vitamin A 

Kgg.s ob¬ 
tained 
from pen 
no.-- 

Cod-liver 
oil in 
diet of 
pullets 

Average 
gain in 
weight per 
rat (6 
weeks) 

Average 
food intake 
per rat 
(5 weeks) 

Average 
csorrected 
gain in 
weight 
tier rat 
(5 weeks) 

28. 

Grants 

0,0125 

25-28 

I^ercenl 
» 1 

Grams 

17.6 

1 

Grams 
238.6 j 

Grams 

26.9 

30. 


21-22 

1 : 

11.3 

231.4 1 

23.1 

30. 

1 .025 

23-24 

2 { 

19.5 : 

244.7 

36.8 

38. 

1 

25-28 

8 

44.1 i 

292.1 I 

35.7 

38. 

) 

21-22 

1 

29.2 

268.7 ! 

28.5 

38. 

[ .050 

23-24 

2 

34.4 

274.7 1 

31.8 

30. 


, 25-26 

8 

54.1 

306.4 1 

40.9 

18. 

(») 

0 

! 19.0 

246.6 

25.7 

1ft. 

. 10 

0) 

0 

43.7 

289.0 

36.3 


1 All'plant-source diet. 


In table 3, treatment differences between any two groups are sum¬ 
marized. The significance of the differences was evaluated by means 
of the i test. A t value corresponding to a probability of 0.05 is 
considered significant and 0.01 highly significant. The number of 
degrees of freedom (n) is 254, since that number was used in estimat¬ 
ing the error variance. 

The results of the analysis may be sununarized briefly. The egm 
from birds fed 1 and 2 percent of ood-liver oil were significantly 
different in vitamin A content from those fed 8 percent. ^ Since an 
equivalent weight of the yolks of eggs from the latter pair of pens 
pifoduoed gains in weight uniformly greater than an equu amount of 
yolk of 6ggB from either of the other two pairs of pens, it k concluded 
that the eggs from the birds fed 8 percent of cod-liver oil were richer 
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in vitamin A than the others. Additional evidence of the greater 
vitamin A content of the eggs from birds on the high cod-liver oil 
diets was the survival of most of the rats fed the 0.0125-g portion of 
the yolks of eggs from these pens and the fact that the majority of 
the rats fed the same amount of yolk from the other two pairs of pens 
died. No significant difference in vitamin A content was found 
between the eggs from the two groups fed 1 and 2 percent of cod-liver 
oil. However, since differences in gains in weight of the test animals 
fed equal quantities of egg yolk,were always positive in favor of the 
pullets receiving 2 percent of cod-liver oil, it is probable that if larger 
numbers of animals had been used in making the vitamin tests a 
significant difference between these tw'o levels of cod-liver oil might 
have been demonstrated. The eggs from the birds fed no vitamin 
A supplement were significantly different in vitamin A content from 
those of the birds fed cod-liver oil. Since the gains in weight of the 
rats fed eggs from the birds receiving no cod-liver oil were uniformly 
inferior it is concluded that these eggs were poorer in vitamin A 
than any of the others. 


Table 3. —Significance of differences ‘ in average gains in weight of groups of rats 
having as the sole source of vitamin A yolk of eggs from pullets fed different per¬ 
centages of cod-liver oil 


Quantity egg 
yolk per rat 
per day 
(grams) 

Eggs 

obtained 

from 

l»en no.— 

Results when given quantity of egg yolk from indicated i)en number was fed 
per rat per day 

0 0125g 


0 025g 



o.a50 g 


00.5 g 

A.p s * 

OlOg 

A p s 2 

25-20 

21-22 

23-24 

25-20 

21-22 

1 

23-24 

2,5-20 

0.0125. 

25-20 


4N 1 

fN 

-H 

-N 

-8 

-n 

4'N 

-n 


f 21-22 


-N 

-U 

-8 

-H 

-H 

-N 

-H 

0.025. 

\ 23-24 

-N 1 

4-N 


-H 

-N 

-8 ! 

-H 

-fN 

-H 


t 25-26 

-l-H 

4-n 

-fH 

1 

+ II 

■fN 

-8 

+11 

-N 


f 21-22 

-fN 

+8 

4-N 

1 "~ir 


-N 

-H 

AS 

-S 

0.050. 

\ 23-24 

+S 

-fH 

+ S 

1 -N 

+N 



+8 

-N 


( 25-20 

+H 

+n 

+H 

1 -f-S 

-fH 

AH 


4H 

+ N 

0.050. 

(*) 

-N 

+ N 

-N 

-H 

~N 

~8 

i -ii i 


-H 

0.10. 

(>) 

+H 

All 

+H 



4-N 

-N i 

1 1 

+H 



> A difTerence that can 1)6 ex[)ected to oc.cur by chance only 1 in 100 times is called highly significant and 
Is indicated by the letter H; one that may ocfjur only 1 in 20 timas is called signlflcant, S: and one that would 
not occur by chance more often than 1 in 20 times is called not significant, N. A positive sign at the side of 
a letter indicates that the difTerence is in favor of the pen listed at the left: a negative sign indicates that the 
difference is m favor of the pen listed in the box head at the top of column. 

»All-plant-source diet. 


Table 4. — Vitamin A content of yolk of eggs from pullets receiving different per¬ 
centages of cod-liver oil or cod^liver oil and viosterol 


Kggs obtained 
from pen no — 


21 


Supplement in 

diet of pullets 

Cod- 

Viosterol 

liver oil 

100 D 

Percent 

Percent 

1 

0 

1 

.5 

2 

0 

2 

.5 


Vitamin A 
units r>er 
gram of egg 
yolk 

(Sherman- 

Muasell 

units) 


Number 


0 ) 

0 ) 


40 

40 


Eggs obtaine<l 
from lien no.— 

Supplement in 
diet of pullets 

Vitamin A 
units tier 
gram of egg 
yolk 

(Sherman- 
M unsell 
units) 

Cod- 
liver oil 

Viosterol 
100 U 

26. 

Percent 

8 

Percem 

0 

Number 

80 

26... 

8 

.5 

.80 

A. p. 8.». 

0 

0 

*20 


> Slightly less than 40. 


»All-plant-soaroe diet. 


















May 16 ,1036 Viiamin A in Eggs as Influenced by Other Vitamins Fed 859 


In table 4 are listed the approximate number of Sherman-Munsell 
units of vitamin A in the yolks of the eggs from the various sources. 

CONCLUSIONS 

Vitamin D in the form of 0.5 percent of viosterol 160 D in the diet 
of the chicken {Oallus domesticus) receiving graded quantities of 
cod-liver oil had no apparent effect on the transfer of vitamin A to 
the egg. 

Eggs from pullets fed 8 percent of cod-liver oil were several times 
richer in vitamin A than eggs from pullets fed 1 and 2 percent of 
cod-liver oil. These findings should not necessarily be interpreted to 
mean that in ordinary poultry practice it is desirable to increase the 
cod-liver oil content of the diet to an 8-percent level in order to in¬ 
crease the vitamin A content of the eggs. It has been definitely 
shown {()) that the optimum level of cod-liver oil feeding in the diet 
of the chicken is between 1 and 2 percent, ^\^)en this level is ex¬ 
ceeded impairment in egg production and hatchability is likely to 
occur. 

.iVlthough no significant difference could be demonstrated between 
eggs from birds fed 1 and 2 percent of cod-liver oil, it is probable that 
had more test animals been used a significant difference in favor of 
tlie 2-percent group might have been shown. 

The vitamin A potencv of egp from pullets on diets containing no 
vitamin A and vitamin I) supplement was significantly less than the 
potency of eggs from anj^ of the groups given cod-liver oil. The 
eggs from these pullets were judged to be about one-fourth as potent 
as eggs from birds fed 8 percent of cod-liver oil and about one-half as 
potent as tliose from birds fed 1 or 2 percent of cod-liver oil. The 
eggs from birds receiAung no vitamin A and B supplement had about 
20 units (Shermaii-Munsell) of vitamin A per gram of egg yolk, wdiile 
the eggs from birds fed 8 percent of cod-liver oil had about 80 units, 
and those from pullets fed 1 or 2 percent of cod-liver oil about 40 
units. 

LITERATURE CITED 

(1) Bethkb, R. M., Kennard, D. C., and Sassaman, H. L. 

1927. THE FAT-SOLUBLE VITAMIN CONTENT OF HBN^R EGG YOLK AS AF¬ 
FECTED BY THE rXtION AND MANAGEMENT OF THE LAYERS. JoUF. 

Biol. Chem. 72: 695-706, ill us. 

(2) Bisbey, B., Appleby, V., Weir, A., and Cover, S. 

1934. THE VITAMINS A AND D ACTIVITY OP BOG YOLKS OF DIFFERENT COLOR 
CONCENTRATIONS. Mo, Agf. Expt. Sta. Research Bull. 205, 
32 pp., illus. 

(3) Coward, K. H. 

1933. THE INTERDEPENDENCE OP THE VITAMINS IN THEIR GROWTH- 

PROMOTING ACTIVITY. Paper read at meeting of Biochemical 
Societv, London, Mar. 17, 1933. (Abstract in Chem. & Indus. 
52: 272.) 

(4) Crampton, E. W. 

1934. ANALYSIS OF THE COMPARATIVE FEEDING TRIAL BY THE VARIANCE 

AND COVARIANCE METHODS. Jour. Nutrition 7: 305-320, illus. 

(5) Fisher, R. A. 

1932. STATISTICAL METHODS FOR RESEARCH WORKERS. Ed. 4, reV. and 
enl., 307 pp., illus. Edinburgh and London. 

(6) * Mohler, J. R. 

1934. REPORT OF THE CHIEF OF THE BUREAU OF ANIMAL INDUSTRY. U. 
S. Dept. Agr., Bur. Anim. Indus. 52 pp. 



860 


Journal of Agricultural Research voi. w, no. lo, May i5, tm 


(7) Munsell, H. E. 

1924. THE QUANTITATIVE DETERMINATION OF RELATIVE AMOUNTS OP 
VITAMIN A. 29 pp., illus. New York. (Thesis, Ph. D., Columbia 
Univ.) 

(8) Sherman, H. C,, and Munsell, H. E. 

1926. THE QUANTITATIVE DETERMINATION QF VITAMIN A. Jour. Amer. 

Chcm. Soc. 47: 1639-1646, illus. 

(9) Sherwood, R. M., and Fraps, G. S. 

1932. THE QUANTITIES OF VITAMIN A REQUIRED BY PULLETS FOR MAIN¬ 
TENANCE AND FOR BOG PRODUCTION. TcX. Agf. Expt. Sta. 

Bull. 468, 19 pp., illus. 

(10) Snedecor, G. W. 

1934. CALCULATION AND INTERPRETATION OF ANALYSIS OF VARIANCE 

AND COVARIANCE, 96 pp.. Allies, Iowa. (Iowa State Col. Agr., 
Div. Indus. Sci. Monog. 1). 

(11) Tippett, L. H. C. 

1931. the methods op statistics, an INTRODUCTION MAINLY FOR 
WORKERS IN THE BIOLOGICAL SCIENCES. 222 pp., llluS. Loildon. 

(12) Titus, H. W., and Harshaw, H. M. 

1935. AN adaptation of the “RANDOMIZED BLOCK “ TO NUTRITION 

EXPERIMENTS. Jour. Poultry Sci. 14: 3-16. 


II.». 


IT MiNrma opficii »>• 




jwm OF JMnm RESEARCH 

VoL. 50 Washington, D. C., June 1, 1935 No. 11 


EFFECT OF TEMPERATURE AND LIGHT ON DEVEL¬ 
OPMENT OF THE UREDIAL STAGE OF PUCCINIA 
GRAM INIS ‘ 

By Leonard W. Melander 2 

Formerly afotociate pathologist^ Division of Cereal Crops and Disexiaes, Bureau of 
Plant Industry^ United States Department of Agriculture 

INTRODUCTION 

One of the important problems in the study of the epidemiologv 
of stem rust, Puccinia graminis Pers., concerns the extent to whicn 
the uredial stage can persist through the winter under different con¬ 
ditions. The ability of this stage to survive obviously depends upon 
the ability of the urediospores or of the uredial mycelium in grains 
and grasses to withstand fluctuating temperatures and other condi¬ 
tions during the winter. It seems clear from the investigations of 
Stakman et al., as cited by Lambert that P. graminis does not 

commonly overwinter in the uredial stage north of Texas. As tem¬ 
perature, inoisture, and light are likely to bo among the most impor¬ 
tant physical factors involved, experiments were made to determine 
their effect. 

HISTORICAL REVIEW 

In the northern part of the United States the fate of the uredial 
stage of Piiccinm graminis in the winter has been studied many years. 
In March 1905 Bolley and Pritchard (4) collected viable urediospores 
from leaves of quackgrass and wild barley frozen in the ice at Fargo, 
N. Dak. In 190(5-07 Freeman and Johnson {6) were able to find 
viable urediospores on Hortieum jubatum L. and Agropyron repens 
(L.) Beauv. as late as April 15. In 1911 Hungc^rford {10) showed 
that urediospores of timothy stem rust, P, graminis pfdei-praiensis 
(Eriks, and Henn.) Stak. and Piem., persisted through the winter 
in Wisconsin, while Stakrnan and Piemeisel (24) observed that they 
“survived the very severe- winter of 1916-17 at St. Paul, Minn., very 
easily.It is evident, however, that P, graminis phlei-pratensu 
differs from other varieties of P. graminis in that its uredial sta^e 
can survive the winter in the northern United States more easily 

‘ Eeoeived for publication Feb. 12,1935; issued July 1935. Cooperative investigations between the Divi¬ 
sion of Cereal Cfrops and Diseases and the former Division of Barberry Eradication, Bureau of Plant 
Industry, U. S. Department of Agriculture, and the Agricultural Experiment Station of the University- 
of Minnesota. Presented to the faculty of the Graduate School of the University of Minnesota as a thesis 
in partial fulflUment of the reouirements for the d^pree of doctor of philosophy granted in June 1930. 

< Now in the Division of Plant Disease Eradication and Control, Bureau of Entomology and Plant 
Quarantine, U. 8. Department of Agriculture. Acknowledgement is made to Dr. B. C. Stakman, Uni* 
versity of Minnesota, for 8ugge.sting the problem and for helpful criticism during its prosecution; to Dr. 
H. B. Harv^, University of Minnesota, for suggestions r^ative to some of the physioU^ffoal leases; md to 
Dr, M. N. Levine, Division of Cereal Crops and Diseases, for criticism and suggestions. The writer is 
also indebted to Dr. Stakman and his coworkers for the cultures of Puednia ifreminis and other material 
and to H. G. Ukkelbarg, University Fann, St. Paul, Minn., for assistance in some of the routine work. 

’ Reference is made by number (italic) to Literature Cited, p. 879. 
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than can that of other varieties. Lambert {12^ p, 27) has summa¬ 
rized some of the extensive studies of Stakman et al. made— 

throughout the Mississippi Valley t.o determine the northern limits of oven^in- 
tering of P, graminis tritici in the uredinial stage. * ♦ * In general, they 

indicate that, north of Oklahoma, primary infection of cereals as a result of 
local overwintering in the uredinial stage, occurs so rarely that it is probably of 
no practical importance. 

Hungerford (11) could not confirm the theory of Pritchard (19, 20) 
that the mycelium of P. graminis overwintered in seed wheat as 
mycelium and that when the seed germinated the mycelium grew 
by penetrating ^‘various parts of the seedling, invading both the 
intercellular spaces and the cells.’' 

It seems clear, therefore, that the uredial stage of most of the 
varieties of Puccinia graminis investigated does not commonly survive 
the winter in the northern United States. The (question then arises 
whether urediospores and the uredial mycelium m perennial grasses 
and winter grains are killed by the cold or by alternate freezing and 
thawing. In an attempt to answer this question experiments were 
made to determine the resistance of urediospores and mycelium to 
low temperature as well as to fluctuating temperature. It is possible 
that the ability of urediospores to withstand extremely low tempera- 
tiu’e may depend somewhat upon the temperature and light condi¬ 
tions that prevailed prior to freezing. Experiments also were made, 
therefore, to determine the effect of temperature and light on the 
development of the uredial stage. 

MATERIALS AND METHODS 

Exiierirnents on the effect of temperature and light were made in 
four large chambers kept at constant temperatures regulated by a 
large, automatically controlled refrigerating machine. Ine chambers 
were approximately 10 feet square and were lighted artificially by 
1,000-watt incandescent lamps. To maintain uniform temperature 
and humidity, electric fans were kept running continuouslv. In 
addition to tne four temperature chambers, an ice box cooled by a 
fecial refrigerating machine was used for extrcrnelv low temperatures. 
The greenhouse in which the plants were incubated in moist chambers 
was kept at about 20° C. bv means of automatic heat controls. 

Temperatures were recorded every 10 minutes by a Leeds-Northrop 
electrical recording machine and deviations from the desired tempera¬ 
ture were corrected immediately, although the variation usually was 
not more than +1° C. 

Several physiologic fotms of Puccinia graminis tritici Eriks, and 
Henn., P. graminis arenas Eriks, and Henn., and P. graminis secnlis 
Eriks, and Henn., and one collection each of P. graminis phlei’- 
malensis and P. triticina Eriks, were used. The histories of these 
forms are shown in table 1. The forms studied, except those of 
P. graminis phlei-^ratensis and P. triticina, were cultured on some or 
all of the differentials of wheat, oats, and rye used in identifying the 
forms (1, 5, 2S), The spore measurements were*-made under the 
4-mm objective by means of a Zeiss ocular screw micrometer attached 
to a Spencer microscope. 

Urediospores were hardened W placing plants heavily infected 
with the u;*edia] stage in the 0° C. room for at least 10 days. This 
, pn)cess was the same as that used by Harvey (9) for nardening 
mgher plants before subjecting them to subzero temperatures. 
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Tablk 1. —History of varieties and physiologic forms of Puccinia graminis and 
P. tritidna used in studies of the effect of temperature and light on the uredial 
stage 


Species, variety, and 
form 

Original host 

Date collected 

I.40cality in which 
collected 

Collector 

P. graminU tritiei: 

1 




Form 16. 

Wheat -. 

May 12,1923 

Pusa, India - , _ 

H. R. Sen. 

Form 35.. 

_do... . 

Sept. 2,1926 

St. Paul. Minn.-- 

K. Miller. 

Form 36. 

- --do. 

Aug. 22,1924 

Morris, Minn.. 

M. N. l^evine. 

P, graminis avenar: 


Form 6. 

Oats.- 

Aug. 13,1929 

Morrisville, N. Y. 

Do. 

Form 2. 

. - do -- - . - 

Aug. 17,1029 

Mankato. Minn. 

R. H Bamberg, 





l.<ee Person. 

P. graminis sscalis: 




Form 7 (brown),. 
Form 7 (oranRe)L- 

Agropgron rcpcns. 

Aug. 9,1927 

St. Peter, Minn. 

C. L. T^febvre et al. 

Rye.. 

i Mar. 3,1929 

Greenhouse. Univer¬ 

L. W. Melandor. 

P. graminis phiei‘pra- 

Timothy.. 

1 

Sept. 25,1929 

sity Farm, St. Paul, 
Minn. 

Scott County, Minn,. 

Do 

irnsts. 





P tritidna .. .. .. 

Wheat.-_ 

1930 

St. Paul, Minn.*- 







> Originated apparently as a mutation from the brown culture of Puccinia graminiH gceaiis form 7; accord¬ 
ing to Cot lor and Levine (5), there was no dilTeronce in the pathogenicity of the two strains. 

* Contamination in greenhouse. 


With few exceptions, the method of inoculation and incubation 
was uniform and similar to the one described by Cotter and Levine 
(5). Seedling plants first were sprayed with water and then inocu¬ 
lated by brushing them with rusted plants. The inoculated plants 
were placed in incubation chambers, again sprayed with water, kept 
at a temperature of 20® C. for 48 hours, and then placed under the 
conditions provided for a given experiment. All plants were watched 
closely for the first appearance of flecks and uredia. Wlien the 
uredia had reached their maximum development, notes were taken 
on the number of plants inoculated and infected and on the type of 
infection produced. 

Several experiments failed in the low light intensities because 
root rot killed the plants before rust pustules appeared. Thereafter 
all seed was treated wuth Ceresan * to delay damage from root rot 
until after uredia had developed and final notes had been taken. 

RESULTS 

EFFECT OF TEMPERATURE 

In general, a temperature of 20® C. seems most favorable for the 
development of the uredial stage of Puccinm graminu^ while subzero 
centigrade temperatures may kill urediospores, especially when moist, 
and temperatures just above zero may retard development by length¬ 
ening the incubation period and by preventing growth and sporula- 
tion. The effect of temperature may vary with varieties and physio¬ 
logic forms. An account of the results of controlled experiments on 
these phases of the problem follows. 

Effect of Constant Sub>5Ebo Centiobadb Temperatures on Viability of 

Ubepiospobbs 

The effect of outdoor conditions in winter on the viability of uredio¬ 
spores has been studied by various investigators (5, 4, 6^ 17^ 18^ £0), 

4 An organic^^ury oompound used in the treatment of seed tor the prevention of numerous seed-borne 
dtoeaaet. 













864 


Journal of Agricultural Research 


Vol. ao. no. 11 


but very little is known concerning the effect of temperatures below 
0° C. exclusive of other factors. Mehta (16) found that— 

* * * after exposure to —6.6® to —10® C. for 24 hours, the urediniospores of 

this rust (Puccinia graminis) do not show even 10 percent germination and 
after four to seven daj^s there is a total loss (only one or two spores germinating) 
of viability. 

In the present work urediospores were exposed to temperatures of 
—29® to —40® C. constantly for various periods. The question 
arose whether hardening had kny effect on the viability of uredio¬ 
spores. This is important because, in the Northern States, uredio¬ 
spores are exposed in the fall to temperatures just above 0® before 
tne onset of cold winter weather. That fungi can be hardened has 
been demonstrated. Bartetzko (;^), in 1909, showed that the mini¬ 
mum temperatures withstood by AspergiUus niger Van Tieg. could be 
lowered by first hardening, or exposing the fungus to a temperature 
just above freezing. 

Numerous investigators (4, 5, 6) have observed that urediospores 
of Puccinia triticina live over the winter in the northern United 
States. In view of this fact, urediospores of this rust were frozen 
along with those of P, graminis tritici, F. graminis avenae, and F. 
graminis phlei-pratensis. 

Spores of approximately the same age were dusted on dry glass 
slides in individual small pasteboard boxes. These were placed in an 
ice box maintained at temperatures below —29® C. uermination 
tests were made at the end of 1, 2, 3, 5, 10, 15, 20, 25, 30, 35, 40, and 
45 days. Hardened spores were obtained from plants kept at 0® to 
1® for at least 10 days after the uredia were mature, and nonhardened 
spores from plants inoculated at the same time but kept continuously 
in the greenhouse. After exposure to low temperatures, the spores 
to be tested were placed in a drop of distilled water on a glass slide 
and kept at 20® for 24 hours, after which counts were made. 

That some urediospores of the tritici and phlei-prcUensis varieties 
of Puccinia graminis can survive temperatures ranging from —29® 
to —40® C. for at least 45 days is shown in table 2. It appears that 
because of the sudden change in temperature more spores are killed 
during the first 24 hours than during any subsequent period. The 
viability of hardened spores of F. graminis tritici (table 2) was least 
affected by low temperature, and nonhardened spores of F. graminis 
avenae form 2 succumbed most readily, being unable to withstand 
the low temperature for more than 20 days in 2 out of 3 trials. 

Hardened spores of Puccinia graminis withstood temperatures of 
—29® to —40® C. better than nonhardened spores (table 2 and fig. 1). 
While very few spores of F. graminis avenae survived, hardening 
seemed to enable some of them to survive prolonged exposure to 
—29® to —40®. There seemed to be little or no difference in ability 
of hardened and nonhardened urediospores of F. triticina to with¬ 
stand low temperature. 

Cleply, some urediospores of Puccinia graminis^ when kept dry, 
can withstand considerable exposure to extremely low temperatures. 
This probably is true under natural conditions also, where long 
periods of continuous subzero centigrade temperature often prevaiL 
The rather low temperatures of late fall are sufficient to harden ure- 
diospores and enable more of them to withstand constant subzero tem- 
peratees for long periods, but the question arises as to the effect on 
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the viability of urediospores of temperatures alternating above and 
below 0® C. 


Table 2. —Effect of hardening on vidbilUy of urediospores of Puccinia graminis 
and P. triticina at —29° to — 40 ° C. 



Percent germination ^ of urediosiMres of— 


P. graminis 

P. graminis 

P. graminis 

P. triticina 

Days at —20® to —40® O. (number) 

tritici form 16 

arenas form 2 

phUi-pratensts 

_ 1 


Uard- 

ened 

. - - , ! 

Non- 

hard¬ 

ened 

Hard¬ 

ened 

Non- ; 
hard¬ 
ened 

Hard¬ 

ened 

1 

Non- 

hard- 

ened 

Hard¬ 

ened 

» B'y 

III 

- ^ . _ _ 





1 




0-- . 

41.3 

66 2 

17.6 ^ 

33.5 

45 7 

28.5 

17.1 

40.1 

1 .. . ... 

6,1 i 

3.0 

6.9 

2.0 

5.7 

i.a i 

10.2 

2.7 

2.. , 

6.4 

6.6 

1.9 

1.3 

3.3 

.3 

4 8 

.5 

3. 

10.0 

6.2 

.9 

.3 

3.4 

.9 

.0 

3.4 

6 , .. . 

24.1 

7,0 

.0 

.0 

3.9 

.0 

5.8 

.0 

10. 

7.2 

. 2 

2. I 

2 

8 5 
8.0 

0 

0.0 

.9 

3.4 

.0 

15. .. 

10.4 

3.0 

.9 

1.1 

.9 

20. . .. 

K 2 

.6 

.6 

0 

5.3 

.0 

Ji 



26. .... 

4.8 

.0 

.0 

.0. 

.0 

2.9 

3.0 

:io. 

9. 4 

.9 

1.1 

. 0 

3.2 

1.3 

.3 

.0 

.0 

1.7 

.0 

35 .... . . _ .. ... . 

8 1 

.03 

.0 

.0 

1 .2 

40 . . . 

1.2 

1 1 

.6 

.0 

1.9 

.0 

1.0 

.0 

45. . . 

2 5 

.04 

.0 

.0 

.9 

1 

1 

.0 


> Average of 3 trials in all ctases except P in which there were i and 2 trials, respectively. 



Figueb of hardening on resistance of urediospores of Pueeinia framinh Mtid form 15 to tem¬ 

peratures of -20® to —40® C. 


Effect or Alternate Fkeebing and Thawing on Viability of Urediospores 

Stakxnan and Piemeisel (£4) suggested that the reason urediospores 
of Puccinm graminis tritid do not survive the winter in Minnesota 
is that they are killed by alternate freezing and thawing*' in the 
spri^. Lambert (1^) also intimated that the reason urediospores 
survived the winter of 1923--24 at San Antonio and not at Dtdlas, 
Tex,, was that alternate freezing and thawh^ occurred only 4 times 
at San Antonio and 20 times in the Dallas district. 
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Attempts were made to ascertain what effect temperatures alter¬ 
nating between —29® to ^40° and +20® C. had on the viability of 
urediospores under dry conditions. Sets of spore-dusted slides were 
prepared, sufficient in number to permit germination tests at the 
end of 1, 2, 3, 6, 9, 12, and 15 days, respectively. The slides were 
kept alternately at the subzero temperature —29® to —40® for 24 
hours and at 20® for 24 hours, and a control set was kept at —29® to 
-40®. 

For the first 3 days of the experiment there was no significant 
difference in the survival of urediospores of Puccinia graminis iritici 
form 15 and P. triticina when exposed alternately to subzero and 
above-zero temperatures or to constant low temperatures (table 3). 
However, after 5 days^ exposure to temperatures alternating between 
—29® to —40® and 20® C., spores of P. triticina were more severely 



D^ys (//umjOer) 

Figure 2.™EITect of alternating subzero and above-zero centigrade temr>eratures on the viability of hard¬ 
ened and Donhardened urediospores of Puccinia fframiriii iritici form 15. 

injured than at a constant temperature of —29® to —40®. On the 
other hand, there appeared to oe no consistent differential effect of 
constant and of alternating temperatures on urediospores of P. 
graminis triticij except in the case of hardened spores after 9 days 
(fig. 2), when the spores withstood constant low temperature better 
than alternating temperatures. In all cases hardened urediospores 
withstood the low temperature better than nonhardened spores 
(fig. 2). .... 

Of the spores of Puccinia graminis iritici exposed to alternating 
temperatures, more nonhardened than hardened spores were kijllea 
hy the fii^t exposure to a subzero temperature. After the marked 
diminution in percentage of gennination during the first 2 davs of 
exposure, there was no perceptible further diminution in haroened 
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spores until they had been exposed alternately to subzero and above¬ 
zero temperatures during a period of 9 days (fig. 2). 


Table 3. —Effect of alternate subzero and above-zero centigrade temperatures on 
viability oj hardened and nonhardened urediospores of Puccinia graminis iritici 
and P, triticinn 



Percentage of germination ^ 


Percentage of germination ^ 

Days at —29® to 
-40® C. 
alternatinf!; 

P. graminvt fri- 
tici form 15 

P. trilicina 

Days at —29® to 
-40® C. 

P. graminia tri- 
tiei form 15 

P. triticina 

with 20® 


_ . 



(number) 





(iiuuiher) 


Non¬ 

hard¬ 

ened 







Hard¬ 

ened 

Hard¬ 

ened 

Non¬ 

hard¬ 

ened 


Hard- 

ened 

111 

Hard¬ 

ened 

Non¬ 

hard¬ 

ened 

0 ... 

37 « 

52.9 

55. H 

2 : 4.9 

0.... 

28.9 

74.1 

56.3 

47.7 

1. 

24 9 

.7 

42.fi 

3.6 

1.. . 

16.0 

3 8 

22.4 

10.9 

2 

4 4 

1.3 

9.4 

2.6 

2 . 

5.9 

9 

30 8 

6.4 

3 . . :;. 

0 8 

2 3 

29,9 

3 0 

3.. 

12.5 

1.8 

17 6 

3.8 

fi .. . ... 

14 1 

1.2 

(i 5 

4 

6.... 

fi. 1 

.0 

18.8 

2.5 

9. 1 

1 3.0 

8 

7 8 

.0 

9 _ . 

fi 5 

.3 

32.9 

ll.O 

12- -- j 

1 2 i 

1 3 

9. 1 

3 

12 

6 7 

3 

27.7 

6.6 

I.*) ... 

3. 1 

.0 

1.4 

.1 

15*’ 

15. 2 

1.4 

22.5 

1.8 


' A of 2 trials. 


Effect of Temperature on Lenoth of Incubation Period 

Stakuian and Lambert (HI 374) concluded that * in 

the past, there has been a tendency for destructive epidemics to de¬ 
velop in warm growing seasons, and for cool seasons to be compara¬ 
tively free from rust. Temperature undoubtedly influences the length 
of the incubation period of rust and therefore influences the number 
of uredial generations and the consequent increase of inoculum with 
ea(‘h successive generation. Four generations during a warm grow¬ 
ing season may furnish very large amounts of inoculum, but with 
only two generations during a cool growing season the increase in 
inoculum would be appreciably less. 

Several investigators have reported results of experiTiients on the 
effect of to nperature on the incubation period. According to Stak- 
man and Levine (22^ p. 69), uredia of Puccinia graminia may appear 
fl or 7 days after inoculafion at a temperature of 66.5*^ to 70® F. 
Their results show that— 

at low teiui>eratures the development of the uredinia was retarded at the rate of 
1 (iay for every 5 degrwi* of fall in temperature. Infection resulted at as lowr 
temiieratures as the host could possibly stand. The spores were rather small, but 
the difference was not a^ great as in the of high temperatures, with moderate 
temperature as a basis for comparison. 

Mehta (16) found that uredia of P. graminis ap^ared 21 to 22 days 
after inoculation at a mean temperature of 40® F., in 14 to 15 days 
at 50.8®., in 11 to 12 days at 54.1®., and in 8 to 9 days at 66.5°. 
In 1923 Peltier (17, p, 49) concluded as follows regarding P. 
tritici form 9: 

However, plants held at 5° for 9 weeks did not develop any rust until they 
transferred to a higher temperature. On the other hand, the incubation period 
of tne rust on plants placed in the 10®, 15 ^ 20®, 26®, and 30® cases was 18, 16, 
11, 8, and 8 days respectively. ♦ ♦ ♦ Plants inoculated at 5® G. and main¬ 

tained at this temperature for 7 weeks developed no rust until they were trans¬ 
ferred to a higher temperature. 
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The writer made experiments to determine the effect of different 
temperatures on infection and on subsequent development of the rust. 
The effect of temperature on the entrance and the establishment of 
the rust in the host was determined first. Three series of plants 
were inoculated and placed in incubation chambers for 48 hours at 
0® to 1®, 10®, and 20® C., respectively. Then, to determine the effect 
of temperature on the subsequent development, one-third of each set 
was placed in a room at 20®, another thii*d at 10®, and the remainder 
at 0® to 1®. All of the plants wel^e kept constantly in a light of about 
304 foot-candles. 

Puccinia graminis tritici form 35 and P, graminis avenae form 2 
caused no infection on plants kept in moist chambers for 48 hours at 
0® to 1® C. and subsequently kept at the same or at liigher tempera¬ 
tures (table 4). On the other hand, rye plants inoculated with 
P. graminis secalis form 7 and incubated similarly at 0® to 1® produced 
uredia at the end of 17 days at 10® and after 10 days at 20®. It is 
possible, of course, that the parasite may have gained entrance into 
the host after the latter had been placed in the warmer temperatures, 
but tliis seems unlikely. 

Table 4. —Time required for appearance of uredia of S varieties of Puccinia 
graminis at different temperatures under constant light 


Incubatiofi teniperalurt* in 


Tim© required for first iipiMMirunce 
of urediu of > 


P gramifOH 
ttpenat 
form 2 


Day 9 

5U 

14 

U 

17 

9 


> Each figure is the average of three trials. 

At 10° and 20° C. the urediospores of the above-mentioned forms 
of Puccinia graminis germinate and cause infection readily. A 
temperature of about 20° C. seems to be the optimum for the entrance 
and establishment of the pathogene. 

The tlu-ee forms of Puccinia graminis mentioned above can develop 
and produce uredia at 0° to 1°, 10°, and 20° C., if riven opportunity 
to gain entrance and to become established in the host at an appro¬ 
priate temperature (table 4). However, more time was required for 
urediospores to appear at the lower temperatures. At 0° to 1°, 
uredia of P, graminis tritici form 35 did not appear until 70 days after 
inoculation. In another experiment, P. graminis trilici form 15 
produced urediospores normally within 10 or 11 days at 20° and 
within 18 days at 10°j whereas at 0° to 1° uredia failed to appear 
within ^ days. Tris indicates that physiologic forms of P. graminis 
trilici differ in their ability to develop at temperatures just above 
freezing. 


Moist chamber (4H hours) 

('oustant 
light room 

P. graminiM 
tritici 
form ;15 

P. graminis 
secalis 
form 7 

Pays 

44 

i:i 

° C. 

O 

j 0-1 

i 10 

l)ap9 

70 

14 

..... 

1 20 

8 

8 


f 0-1 


54 

1 .. 

< 10 

16 

16 


1 20 

U 

8 


j 0-1 



1 . 

10 


i7 


( 20 


10 
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The results suggest that in nature the mycelium may remain dor¬ 
mant in infected plants during the winter if the host tissues remain 
alive. If this happens, urediospores may be produced as soon as the 
weather becomes warm; and, if there are susceptible hosts nearby, 
infection occurs. Several weeks of cool weather then may follow 
infection and the mycelium may lie dormant until the temperature 
again rises. Then the uredia may *‘miraculously^^ appear, furnish¬ 
ing early inoculum to infect young grain plants and start an early 
epidemic. 

Influknce of Temperature on Development of Mycelium within 

Host Tissue 

Some field observations have been made on the survival of stem 
rust mycelium from one season to another. Lambert (1^) reports 
that at Dallas, Tex., the host leaves bearing old pustules were ]^led 
by alternate freezing and thawing. Mehta (16*) states the following 
conclusions from his observations: 

It is dear that the mycelium of black rust can survive milder weather and but 
for the absence of the source of infection, it might appear on the cereal crops 
in the earlier part of spring, if weather conditions are favorable. 

Obviously, the host tissue must survive the winter if the rust 
mycelium is to survive. The question then arises as to whether the 
mycelium of Puccinia graminia can withstand as low temperatures as 
the host. The following experiments accordingly were made. 

Three sets of wheat differentials were inoculated with urediospores 
of Puccinia graminia tritici form 15, incubated in a moist chamber 
at 20® C. for 48 hours, and then placed in the 0°, 10°, and 20° cham¬ 
bers, respectively. This experiment was repeated tliree times. 
Uredia developed on plants placed at 10° and 20°, but at the end of 
60 days none had developed at 0°. Plants in the 0° room were 
removed to the greenhouse at the end of 40, 50, 60, 70, 80, and 90 
days, respectively. On plants kept at 0° to 1° for 80 days and then 
transferred to 20°, uredia appeared within 8 days after the transfer, 
but none appeared on plants kept at 0° to 1° for 90 days. 

The mycelium of Puccinia graminis avenae form 2 lived for 80 days 
at 0° to 1° C. without producing uredia, but they appeared 4 days 
after the infected plants were removed to the greenhouse. 

In another experiment, seedling wheat pl^ts, inoculated with 
Puccinia graminia tritici form 15 and kept in moist chambers at 20° C. 
for 48 hours, were placed in the 10° room imder constant light and 
allowed to remain there until flecks developed. Then they were 
removed to the 0° to 1° room, and 32 days later uredia appeared. 

To determine whether the mycelium of Puccinia graminia can with¬ 
stand as low temperatures as the host plant, seedling plants of hardy 
winter varieties were inoculated, kept in moist chamhers for 48 hours, 
and then placed in the greenhouse. When flecks appeared, the plants 
were placed in the 0° C. chamber for at least 10 days to allow them to 
harden, after which different sets were kept at —12°, —10°, —7°, 
and —5°, respectively, for 24 hours. The same procedure was fol¬ 
lowed with plants in tillering and boot stages. After freezing, the 
mants again were placed at 0° for 24 hours to allow them to ‘‘thaw 
out gradudly, They then were removed to the greenhouse and were 
watched for the appearance of stem rust. Each of the experiments 
was repeated severi^ times. 
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Uredia of Puccinia graminis tritici form 35 appeared on Minhardi 
wheat in the greenhouse about 3 days after having been subjected to 
—5° C. for 24 hours. In a later experiment, uredia of Puccinia 
graminis tritici form 15 appeared on Kanred and Minturki wheats in 
3 and 6 days, respectively, after having been subjected to —10° for 
24 hours. In tliis experiment low temperature seemed to affect the 
organism more in plants of Minturki wheat than in those of Kanred 
wheat, as it took the uredia 3 days longer to appear. In subsequent 
tests at —13° the infected leaves were killed. Uredia of Puccinia 
graminis secalis form 7 appeared on plants of Petkus rye that had been 
exposed to —7° for 24 hours. 

It is clear that at low temperatures, the rust mycelium can remain 
dormant for long periods in the host, and it apparently can withstand 
as low a temperature (—10® C.) as the host plants. However, lower 
temperatures must be tried to demonstrate the latter point conclu¬ 
sively. 

Effect op Temperature on Infection Type 

Stakman and Levine {22^ 23) and Levine (IS, 14) have shown tliat 
environmental conditions unfavorable for the host are unfavorable 
also for the parasite, affecting the virulence and spore size of the latter. 
Waterhouse (25, p, 676) recently reached the following conclusion 
from his experiments: 

In the case of Puccinia graminis tritici there was change from complete sus¬ 
ceptibility in the hotter months to complete renstance in tlie cooler part of the 
year. The reactions on several of the differential hosts showed this change. 
Some physiologic forms show much more marked alterations of this nature than 
do others. Changes from summer to winter conditions alter the reactions shown 
by Puccinia graminis avenae on ^‘Joanette^’ from complete susceptibility to com¬ 
plete resistance. 

The writer made a study of the effect of temperature on the infec¬ 
tion type. Even at 0° C. some rust appeared on plants that had pre¬ 
viously been inoculated and kept for 48 hours in a moist chamber at 
20°, but the ipedia were very small. There was no significant differ¬ 
ence in infection types at 10° and 20°, the only noticeable difference 
being a higher proportion of type 3 to type 4 at 10 °. However, not 
only were much smaller pustules produced by several physiologic 
forms at 0° to 1° than at 20°, but the areas surrounding the pustules 
were strongly etiolated. The uredia thus developed resembled type 1 
as long as the plants remained at 0° to 1°, but they changed to type 3 
or type 4 when the plants were placed at 20°. "For example, Little 
Club wheat at 20° is moderately to completely susceptible to Puccinm 
graminis tritici form 35, infection types 3 and 4 ordinarily being pro¬ 
duced; but at 0° to 1° pustules approaching type 1 were produced 70 
days after inoculation m 2 out of 3 trials (n^3). In a later experi¬ 
ment, seedlings of Little Club, inoculated on February 27 with spores 
of Puccinia graminis tritici form 35, were placed at 0° to 1 ° on March 6. 
Thirty days later uredia similar to type 1 appeared. 

A set of <Ufferential varieties of wheat, moculated with Puccinia 
graminis tritici form 15 and kept at 10° C. until flecks appeared, was 
placed in the 0° to 1° chamber. After 32 days, pustules of type 1 
ipstead of the characteristic type 3 or 4, appeared on 11 of the diffeA- 
entiai hosts (fig. 4). The first leaves of plants on which the apparent 

< Sm^ptutules approacbmg type 1 are designated 'Hype 1.** 
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type 1 pustiiles were produced at 0° to 1° were cut off, and new leaves 
were allowed to develop at 20°. They then were inoculated with 
spores of form 15, and t^ time the plants were allowed to remain at 
20°. Normal vigorous pustules of types 3 and 4 resulted (fig. 4). 


Figure 3.—** Type I ” uredla produced on Little Club wheat by Puecinia graminU IriHei form 36 at 0® to 1® 
C. This form normally produces uredla of types 8 and 4 on Little Club wheat at 20®. 

Inoculation with spores from the type 1 pustules, produced at 0° to 
1° on Vernal emmer, resiilted in the development of type 4 uredia 
when cultured at 20°, Type 1 pustules of form 16, previously formed 
at 0° to 1°, developed into type 3 after t^e plants wm« removed to 
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20®. Puccinia graminis secalis form 7 and Puccinia graminis avenae 
form 5 produced normal uredia even at 0® to 1®. The type 1 uredia, 
therefore, represented merely the lower limit of development of rust 
under abnormal conditions. 

Difference in Ability op Different Physiologic Forms to Develop at 

0° TO 1° C. 

Physiologic forms of Puccinia graminis seem to vary in their ability 
to develop at low temperatures. This is shown by the following exper¬ 
iment. On February 3, 1930, 10 pots of Little Club wheat were 



abed e f g h i 


Figure Mmute uredia (tyi)e 1) produced by Pw:(ima graminin tritici form 16 on varieties oi 'J'run:um 

spp. at 0® to 1C.; B, normal development of rust at about 20® on secondary leaves of plants shown in A . 
0 , Marquis; b, Kanred; c, Arnautka; d, Mlndum, e, Spelmar; /, Kubanka; g, Acme; h, einkom; i, Vernal 
emmer. 


inoculated with P, graminis tritici form 15 and 10 with form 36. The 

E lants were kept in moist chambers under the same conditions for 48 
ours and then placed in the same greenhouse for 4 days. At the end 
of tins period (Feb. 9) they were placed at 0® to 1® C. under constant 
light. Uredia of form 36 appeared on February 21, and only one 
uredium of form 15 had appeared by March 18, while form 36 had 
sporulated and produced numerous normal uredia (fig. 5). Pustules 
of P. graminis tritici form 15, however, appeared shortly after the 
plants again were placed in the greenhouse, snowing that the mycelium 

i'" :4 
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had remained alive at 0® to 1°, although there had been no appreciable 
development. 

Two forms of Puccinia graminis avenae (forms 2 and 5) seemed also 
to develop at different rates at 0° to 1° C. For example, on February 
3, 1930, several pots each of Victory oats were inoculated with these 
forms and kept in moist chambers under the same conditions. After 
48 hours they were removed to the same greenhouse and kept 4 days. 
On February 9 they were placed at 0® to 1® under constant light. 
IJredia of form 5 appeared on February 22, while uredia of form 2 
did not appear until March 3. 

Evidently there are differences in the ability of phvsiologic forms 
of Puccinia graminis tritici and P. graminis avenae to develop at 0® to 
1® C., whereas at 20® there are no apparent differences. 

Form 7 of Puccinia graminis secatis developed well at 0® to 1® C., 
almost as well as at 10® and 20®, perhaps accounting for the prevalence 
of rye rust in the later fall in northern regions. 

Low temperatures seem to stimulate the development of telia, be¬ 
cause this stage of Puccinia graminis secalis form 7 formed abundantly 



Fkuirk 5. -Vuriation in ability of physiologic forms of Puccinia gramtnin to produce uredia at 0® to I® C 
A, T^eaves of Little Club wheat seedlings infected with P. graminis tritici: o, Form 15; b, form 36. B, 
lyeaves of Victory oat seedlings infected with P. graminis avenae: a, Form 6, 6, form 2. 


at 0° to 1° C. P. graminis triiici form 15 and form 36 produced 
abundant telia after the infected plants had been transferred from 0° 
to 1° to a warm greenhouse, where telia do not ordinarily form in 
abundance. 

EFFECT OF LIGHT INTENSITY 

The effect of light on certain rusts has been studied by several in¬ 
vestigators. Fromme (7, ft. 519) found that “Total light exclusion 
either early or late in the mcubation period checks the development 
of P. coronifera ^d results in an almost complete cessation of growth.” 
Mains (15) studied the nutritional phase and arrived at the Allowing 
conclusions: “When the host is deprived of carbohydrate, P. coronaia 
and P. sorghi require light in order to devdop. However, starvation 
will not bring about immunity.” Stakman and Piemeisel (£4) pointed 
<ut that a good deal of sunlight is necessary for the best development 
of stem rust. They state (S4> P- 487): 

During periods of cloudy weather, however, the incubation period may be 
lengthened a week or more, and the rust does not develop so abundantly as 
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during bright weather. * ♦ * The shaded plants were more weakly infected 

than the others. Partially etiolated plants were infected with difficulty and the 
rust developed very weakly on them. 

Peltier (18) concluded that li^ht is not a factor in the initial infec¬ 
tion of wheat by stem rust, but it is essential for subsequent develop¬ 
ment. Gassner (8) also pointed out that light governs rust develop¬ 
ment in proportion to the effect it has on the metabolism of the host 
plant and that high light intensities tend to shorten the incubation 
period. 

The writer made experiments with Picccinia graminis to determine 
the effect of different light intensities, at uniform temperature and 
humidity, on le^th of incubation period, type of infection, and mor¬ 
phology of urediospores. 

Three sets of differential varieties of wheat and oats, after being 
inoculated and kept in moist chambers for 48 hours under uniform 
conditions, were placed in the 20® C. chamber under light intensities 
of 394, 301, and 162 foot-candles, respectively. 

Under all degrees of light used the plants were much lighter in color 
than those grown under natural light in the greenhouse. There was 
slight etiolation under 394 and 301 foot-candles and considerable 
etiolation under 162 foot-candles. In general, oats did not thrive so 
well as wheat in artificial light, and plants of both cereals became very 
weak and etiolated after about 3 weeks. Moreover, root rot seriously 
hindered the growth of the plants, greater damage resulting under the 
light intensity of 162 foot-candles than under the higher intensities. 
Marquis wheat was least affected, while the durum varieties Arnautka 
and Spelmar were heavily infected at low light intensities. Rye 
thrived under artificial liglit for a period of about 3 weeks, after which 
the plants died rapidly. 

Effect of Different Light Intensities on Length of Incubation Period 

High light intensities shortened the incubation period appreciably. 
Under an intensity of 394 foot-candles, uredia of Puccima graminis 
tritici form 15 appeared in approximately 9 days, while under the 
lower intensities of 301 and 162 foot-candles 10 to 11 days were 
required. There were no consistent differences in incubation periods in 
different varieties of Triticum spp. Uredia of P. graminis arenas form 
2 appeared in 8 to 9 days under 394 foot-candles, while 9 to 12 days 
were required for their appearance under the lower light intensities. 

Effect of Different Light Intensities on Type of Uredia Produced 

A study was made of the effect of different light intensities on the 
infection types produced by Puednia graminis arenas form 2 on 4 
differential oat varieties and by JP. graminis tritici form 16 on 11 differ¬ 
ential wheat varieties. In addition, a comparative study was made of 
the effect of the same light intensities on the infection types produced 
by three varieties of P. ^aminis, namely, P, graminis tritici form 
35 on little Club wheat, P, graminis secaMs form 7 on Petkus rye, and 
P. graminis arenas form 2 on Victory oats. 

The results indicate that the different degrees of light used caused 
no signifi.cant or permanent changes in type of infection, although 
deficient light causes pustules to be considerably smaller. 
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From these experiments it may be concluded that under low light 
intensities the normal development of stem rust pustules is inhibited, 
resulting in the production of smaller pustules, but there is no indica¬ 
tion of a significant or permanent change in type of infection; there 
is no indication that certain hosts that are susceptible under intense 
light are rendered resistant under low light. 

Effect of Different Light Intensities on Size and Shape of Urediospores 

ITrediospores produced under the various light intensities were 
measured and compared with those produced under sunlight at 20® 
C. Some similar studies had been made by Levine (IS), who found 
that urediospores produced in deficient light were shorter than normal. 

Tahle 5.— V'’ariants and constants for dimensions of urediospores of Pwccinia 
graminis tritici form 15 grown under different light and temperature conditions 
in the greenhouse 

LENGTH 


("ultural conditions 



Constants 

Temiiorature 

rc.) 

I 

I 

Light 

Range of vari¬ 
ability 

Mean 

Standard 

deviation 

Coeffi¬ 
cient of 
variability 

10.. ... 

20. 

Foot- 

candles 

m 

r 304 

I 301 

1 162 

0) 

27 8^.46 
2(5 91-43.47 
26.63-46.08 
27.60-42. 78 
26.76-44.86 

36. 50±0 .10 
35. 19:i: . 16 
36.13:1: . 17 
34.41:1: . 16 
34.64± . 17 

4.01d=0.14 
3.39dc .11 
3.54db . 12 
3. A2± . 12 
3.64ri= . 12 

11.20:1:0.39 
0.63d: .32 
0.80d= .33 
9.94d: .34 
10.24:1: .35 


WIDTH 


10 . 

334 

17.94-27 14 

22.03±0.07 

1.56d=0.05 

7.09±0.24 


f 394 

18.86-27.14 

22. lid: . 07 

1.39d: .05 

6.27db .21 


I .301 

19.65-27.60 

21.90d= .07 

1.66d= . U 

7.07d= .24 


1 162 

17. 26-26.76 

21.77d: .08 

1.70d= .06 

7.80d: .26 


0 ) 

10.32-27.60 

23.03d: .07 

1.62d: .05 

6.69d= .22 


RATIO OF LENGTH TO WIDTH 



CoTrdation 





coefficient 




334 

-0.l07d=0.047 

1.637d:0.011 

0.23d=0.01 

14.20drO.48 


394 

- . 239i . 045 

1.621d= .010 

.21db .01 

12. TOdr . 43 


.301 

- .286d= .045 

1.678di .011 

.22d= .01 

13. 26d: . 45 


162 

- .197d: .040 

1.621d: .011 

.22d= .01 

13.80dr .47 


(0 

- .242d: .045 

1.427d: .010 

.20d: .01 

14.20d= .48 


I Sunlight. 

In this study the length and width of 200 spores from each of the 
different cultural conditions were measured at random on a slide. 
Because the differences were not great, it was necessarv to employ 
statistical methods to make comparisons (tables 5 and 6). There 
was negative correlation between, length and width of spores in all 
lots measured. Spores produced-under 301 foot-candles were sig- 
n^cantly longer but not significantly wider than those under 162 
foot-candles, and they were significantly longer but nairower than 
those produced in sunlight at 20® C., and as a result of this differed 
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from the latter also in shape, i. e., in ratio of length to width. Spores 
produced under 394 foot-candles were narrower, though not sig¬ 
nificantly longer, and quite different in shape from those produced 
in sunlight at 20°. Those produced under 162 foot-candles were 
narrower than spores produced in sunlight at 20° and differed from 
them in shape. Spores produced under 334 foot-candles at 10° did 
not differ significantly from those produced under 394 foot-candles at 
20°. 

Table 6.— Differences between means of dimensions of urediospores of Puccinia 
graminis tritici form 15 cultured under different light and temperature conditions 


Cultural conditions compared 


334 foot-candles at 10° with 301 foot-candles 

at20°--_ — _ 

394 foot-candles at 20° with 301 foot- 

candlesat20°- .. — -- 

394 foot-candles at 20° with 162 foot- 

candles at 20°. 

301 foot-candles at 20° with 162 foot- 

candles at 20°. 

394 foot-caudles at 20° with sunlmht at 

approximately 20°.. 

301 foot-candlevS at 20° with sunlight at 

approximately 20°. 

162 foot-candles at 20° with sunlight at 
approximately 20°. 


Length 

Width 

Ratio of length to 
width 

Differ- 
en(;e in 
means 

Differ¬ 
ence 
divided 
byP E 

Differ¬ 
ence in 
means 

Differ¬ 
ence 
divided 
by P. E. 

Differ¬ 
ence in 
means 

Differ¬ 
ence 
divuled 
by P. E. 

M 

0.63 

2 46 

M 

0 13 

1 31 

0.041 

2.66 

.94 

4 01 

.21 

2 12 

. 057 

3 93 

.78 

3 40 

.34 

4 23 

.(KK) 

.00 

I 72 

7 36 

.13 ' 

3 20 

. 057 

3 73 

.6.'i 

2.78 

.92 

9 29 

194 

13 96 
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DISCUSSION AND CONCLUSIONS 


The results obtained sliow that the death of urediospores in the 
winter probably is not always due to low temperatures as such. This 
is shown by the fact that some urediospores of the tritici and phlei- 
pratensis varieties of Puccinia gram/inis remained viable after having 
been exposed for 45 days to temperatures ranging from —29° to —40° 
C. It is true that a large percentage of urediospores usually are killed 
within the first 24 hours after being exposed to the low temperature, 
but most of those that survive retain their viability for a long time. 

Hardened urediospores are more likely to survive than those not 
hardened. Spores produced under normal conditions were hardened 
at 0° C. for 10 days or longer, and their viability was compared with 
that of similarly produced, nonhardened spores. The hardened spores 
were more resistant to cold than the nonhardened. It seems probable, 
therefore, that spores formed at low temperatures in the fall may be 
more cold-resistant than those formed at higher temperatures. 

Not only are some urediospores able to withstand continuous low 
temperatures, but a few may withstand fluctuating temperature in a 
surprising manner, especially when dry. It seems quite likely, 
therefore, that the death of urediospores in nature during the northern 
winters is due neither to low temperature nor to alternating low apd 
moderate temperatures when the spores remain relatively dry, biit 
rather to alternate freezing and thawing during wet weather. 
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ITredial mycelium apparently can withstand temperatures as low 
as those endured by the host plants. For example, mycelium re¬ 
mained viable within infected wheat plants kept for 24 hours at 
“10° C. When the plants were again placed at a temperature of 
approximately 20°, rust pustules developed within a few days. The 
my(*elium within infected rye plants withstood a temperature of 
— 7° for 24 hours and subsequently produced pustules. In nature, 
therefore, the mycelium probably can survive in any plant tissues 
that remain alive during periods of cold weather. The experiments 
indicate also that this mycelium can subsequently produce uredio- 
spores with the advent of favorable temperatures. This is shown by 
the fact that both wheat and oats infected with rust were kept for 
80 days at a temperature of 0°, during which time no uredia 
a})peared; when the ])lants were transferred to the greenhouse, how¬ 
ever, uredia- ap])eared in 8 days. 

Temperature also has a profound effect on the development of rust 
in normal plants after infection once has taken place. For example, it 
required ap{)roximately a week longer for uredia to appear at 10° C. 
than at 20°. According to this, for every drop of 1° in temperature 
the incubation period would be lengthened about two-thirds of a day. 
This probably is not an absolute rule, as there is considerable varia¬ 
tion in the effecd. of temperature on the incubation period. The 
generalization would be approximately true only for a range of temper¬ 
atures in which the rust could develop fairly well. The fact, however, 
is very significant, l)ecause, in the spring wheat area of the United 
States, there is a relatively short time in wdiich rust develops. 
Usually it is only about 45 days. At high temj>eratures, therefore, 
about () crops of urediospores would be produced during the season, 
while at low^ temperatures only 2 or at most 8 successive cro{)s w7)uld 
l)e produced, ami the amount of inoculum and subsequent develop¬ 
ment of rust would be greatly reduced. I'ield observations indicate 
that relatively slight diflerenccs in temperature during the critical 
period for the develo[)ment of rust, other things being equal, deter¬ 
mine the severity of a rust epidemic. In many years, there is a very 
close race betw een grain crops and rust. The greatest damage usually 
occurs just before harvest; and in many seasons the crops escape 
severe damage if the rust parasite is unable to ])roducc a large amount 
of inoculum at that time 

Excessively low temperatures may greatly lengthen the incubation 
period. For example, in some experiments it recpiired 70 days for 
form 85 of Fiiccima graminw tritici to produce uredia at 0° to 1° C., 
and some physiologic forms seem to be entirely unable to produce 
uredia at so low a temperature. It is likely that the effect of tempera¬ 
ture may vary with the particular physiologic forms concerned in the 
development of rust in a given locality or in a given season. 

Temperature is important not only in governing the length of the 
incubation period and the consequent amount of inoculum produced 
in a given season but also in determining the size of uredia and con¬ 
sequently the number of spores on each infected plant. This is 
clearly shown by the fact that at 0° to 1° C. Puccinia graminis tritici 
forpis 15 and 35 produced pustules resembling type 1 pustules, which 
are extremely small, whereas these same forms produced type 4 
pustules on the same variety at higher temperatures. The small 
pustules, however, may enlarge if the temperature rises. Tempera- 
273—35—2 
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ture therefore determines the amount of inoculum in two ways: (1) 
by determining: tlie number of urediospore generations in a given 
season and (2) by determining the numl)er of s[)ores per pustule. 

The ability of certain physiologic forms of Puccinia grarnmis to 
develop at low temperatures may be important from the standpoint 
of regional epidemics of stem rust in the spring wheat area. If 
inoculum of these forms is present in this area early in the grain¬ 
growing season, stem rust can increase regardless of cool weather. 
This complicates the stem rust problem further, because low tem¬ 
perature retards the development of many forms of Puccinia, graminis 
tritici sufficiently to inhibit severe infection. 

As temperature extremes seem to induce early teliospore formation, 
teliospores are likely to be produced in nature when it is either 
abnormally hot or abnormally cool and when the potential danger of 
rust is consecpiently reduced. However, the effect of moisture must 
not be overlooked in this connection. 

Light, of course, aflects rust development. However, in the experi¬ 
ments made by the writer, the differences in light intensity were not 
sufficiently great to change the host reaction from susceptible to 
resistant or vice versa. There were fluctuations, but a, type 4 infec¬ 
tion was never reduced to a type 1 or a type 2 by withholding light. 
It seems unlikely that in nature there w'ould be sufficient variation 
in total light during any given season to affect appreciably the devel¬ 
opment of rust. 

The experiments indicate that temperature is the most important 
factor governing the development of rust in a susceptible host, 
assuming, of course, that there is sufficient moisture for infection and 
enough light for normal growth of plants. The stem rust pathogene 
seems to be well e(|nipped to withstand vicissitudes, for it is able lo 
persist at a very low temperature. However, its development to 
epidemic proportions is conditioned by temperature, as pointed out 
by Stakman and Lambert {^1). 

SUMMARY 

Ha rdened urediospores of Puccinia, gram in is withstood subzero 
centigrade temperatures better than nonhardened urediospores. 
Hardened urediospores of wheat stem rust {Puccinia, graminis tritici) 
and of timothy stem rust {Puccinia, graminis pldei-pratensis) were 
able to withstand subzero temperatures for at least 45 days and 
hardened urediospores of oat stem rust {Puccin ia grarniii,is a,vena,e) for 
40 days. A few nonhardened urediospores of wheat stem rust with¬ 
stood 45 days of subzero temperature; timothy stem rust, 35 days; 
and oat stem rust, 15 days. 

Temperatures alternating above and below 0° C. had no more killing 
effect on nonhardened urediospores of Puccinia graminis tritici form 
15 than did constant subzero temperatures. On the other hand, 
alternating temperatures killed more hardened spores after 9 days 
than did constant subzero temperatures. 

The incubation period of stem rust is lengthened by low t/ompera- 
ture. It took approximately a week longer for uredia to appear on 
plants kept at 10° C. than at 20°. Uredia developed at 0° to 1°, hut 
much more time was required. Puccinia graminis tritici form 35 
produced uredia in about 70 days at 0° to 1°. When the infected 
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plants were placed at 0° to 1° 48 hours after inoculation, form 15 
produced no uredia during 80 days* exposure at this low temperature. 

The mycelium of at least some physiologic forms of stem rust can 
withstand as low temperatures as the host. This was true of Puccmia 
graminis tritici form 35 and Puccinia graminis secalis form 7. 

Except under extreme conditions, temperature has little effect on 
the type of uredia produced. At 10° C. smaller pustules were pro¬ 
duced than at 20°. A temperature of 0° to 1° effected an apparent 
change of infection type of Pwcinia graminis tritici forms 15 and 35. 
An inftaction type similar to type 1 was produced at 0° to 1° in place 
of type 3 or 4, normally produced at 20°. However, after the infected 
grain plants were taken from 0° to 1° and placed in the greenhouse at 
20°, the type 1 infection developed into type 3. Therefore this tem- 
I)orary change at 0° to 1° was due to low temperature. 

Physiologic forms of Puccinia graminis tritici and Puccinia graminis 
avenae differed in ability to produce uredia at low temperatures. 
At 0° to 1° (\, Puccinia graminis tritici form 30 produced normal 
uredia rendily; forms 15 and 35 produced only a few minute pustules 
similar to a type 1 infection; Puccinia graminis avenae form 2 did not 
produce uredia as readily as form 5. PucdnUi graminis secalis form 7 
also produced normal uredia at 0° to 1°. 

A temperature of 0° to 1° C. stimulated the production of telia. 
Different light intensities had no significant effect on the infection 
type produced, but low" light intensities delayed the appearance of 
uredia. It took 1 to 2 days longer for uredia of Puccinia graminis 
tritici form 15 and Puednm graminis avenae form 2 to appear under 
light intensities of 301 or 1()2 foot-candles than under a light intensity 
of 394 foot-candles. 

Light intensities and quality of light seemed to affect the size and 
shape of urediospores. Urediospores of Puccinia graminis tritici 
form 15, formed under a light intensity of 301 foot-candles at 20° C., 
were significantly longcu* tlian those produced under other light con¬ 
ditions. Urediospores produced under artificial light were signifi¬ 
cantly longer and narrower than those produced in the greenhouse. 
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A NEW CRITERION FOR THE COMPARISON OF TOXICITY 
WITH RESPECT TO CONCENTRATION AND TIME' 

By W. A. Geksdorff 

Assistant chemisty Insecticide Divisiony Chemical and Technological Researchy 
Bureau of Chemistry and Soilsy United States Department of Agriculture 

INTRODUCTION 

In toxicological studies of rotenorie and related compounds (J5, 19, 
20) - the method (17) used by the writer required the determination 
of the survival times of the test animal, the goldfish, in a number of 
concentrations of the toxic substance. Variables other than sur¬ 
vival time and concentration, such as the physiological phenomenon 
to be used as the end point and the method of measuring it, size of 
the test organism, and temperature, were eliminated from (consider¬ 
ation by restricting them to constant values in all the tests. These 
values were determined by praictical conditions; thus, the criteria 
were the death jxiint, the arithmetic average of at least 10 individ¬ 
uals weighing from 2.0 to 2.5 g, and a temperature of 27° C. Tliis 
restriction to two variables permitted the course of toxic action under 
thes(c conditions to be plotted graphically as a curve in two dimen¬ 
sions, and the range of concentrations used w^as such that the result¬ 
ant curve became parallel, or nearly jiarallel, to both axes. Such a 
curve or its companion, tlie concentration versus reciprocal-of-sur- 
vival-time curve, may serve for the derivation of a value that will 
express the relative toxicity of the substance, this value being ob¬ 
tained either from the entire curve or from certain portions of it. 

CRITERIA OF OTHER WORKERS 

In studying su(*h curves a number of investigators have attempted 
to formulate an ecpiation that would express the rtJationship between 
concentration and time (/ to 4f (1 to fb*, 22 to 57). An etpiation for¬ 
mulated by (ilaser (22) fits the data obtained by the writer better 
than any other. In a, study of the relationship between concentra¬ 
tion and time of action in wliicJi tadi)oles were paralyzed with hydro¬ 
cyanic acid, (Ihiser obtained a curve resembling an equilateral hyper¬ 
bola. To (‘X])ress this relationship accurately he developed the fol¬ 
lowing ecpiation: (C—h) (I —which Oh the concentra¬ 
tion, 6 is a c-oncontration-tolerance factor (a constant), g is a time- 
tolerance factor (a constant), e is the base of natural logarithms, a 
is a proportionality fa(*tor (velocity of diffusion), t is the time, and k 
is a constant. The use of this equation, how^ever, entails much ex¬ 
perimental work as well as mathematical computation, as it requires 
the determination of 4 constants, 2 of which are the asymptotes of 
the curve. 

There is still another objection to the use of Glaser^s formula as a 
means of measuring relative toxicity. Although a value might be 
obtained representing the complete action of the toxic substance (as 
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the k of an equation expressing this action), it would be difficult to 
inter])ret its significance wdien used as a measure of relative toxicity. 
It might be comprehensible if a change in toxicity were accompanied 
by a shift in the two tolerance factors (that is, the two asymptotes) 
of the same order of magnitude and direction, but this is not neces¬ 
sarily so. In the studies made by the writer the greatest dispropor¬ 
tion ap])ears in the comparison of the toxicity of nicotine {21) with 
that of rotenone. Compared according to the magnitude of the 
thresholds (the concentration-tolerance), rotenone is 800 times as 
toxic as nicotine, but compared according to the minimum time in 
wliich goldfish may be killed in solutions of these substances (tiie 
time tolerance) nicotine is more than 0 times as toxic, as rotenone. 
The inadequacy of expressing relative toxicity by a single magnitude 
which will include the relationshij) of these parameters is therefore 
apparent. 

13ecause the use of the entire curve involves such difficulties, for 
practical purposes it is desirable to iind some portion of it that will 
suffice for a simpler comparison. In previous papers (/^’, /,9, 20y 21) 
it was empliasized that tliere are serious objections to the com])arison 
of the survival times at a given concentration, to the com])arison of 
the concentrations necessary to ])roduce death (or any other ])hysio- 
logical phenomenon) in an arbitrary time, or to the com])arison of the 
concentrations necessary to just cause death (threshold of toxicity 
concentration). If comparisons are based on the lo(*ation of a ])oint 
on the curve, this point should always fall on the arch of the curve, 
the region in which the ])roportional changes in th<‘ two variabhvs, 
concentration and time, do not differ greatly. On either side of this 
region the curve flattens out so <|uiclvly that a toxic value for a point 
falling on either limb emphasizes one variable to th(‘ exclusion of the 
other; that is, on the one hand a point rapidly nears the threshold of 
toxicity, the lowest concentration at which the substance will hav(‘ 
any toxic (lethal) effect, regardless of the time necessary to kill, and 
on the other hand a ])oint ra])idly nears the minimum time re(juired to 
kill, regardless of the concentration. For these reasons the writer 
has used the l^)wers formula for the exi)ression of relative toxicity. 
Powers (4/) disregarded the two extremes of the cuiwe and ex})ressed 
relative toxicity ])y a formula dependent only on data falling within 
the portion of the curve approximating an ecpiilateral hyperbola. 
Jn the concentration versus reciprocal survival-time curve (the 
velocity-of-fat^ality curve) this portion approximates a straight line 
(the theoretical velocity-of-fatality curve) whhffi cuts the x axis at 
a point a, designated the theoretical threshold of toxicity concentra¬ 
tion, and makes an angle, designated 0, with this axis. Thus two 
values are obtained, the threshold value and the slope of the theo¬ 
retical velocity of fatality. Powers expressed the reciprocal relation 

of these factors mathematically by the equation, toxicity— 

In a later publication {^2, p. 98) Powers states: 

Perhaps a bettor and more simple expression for the relative toxicity is the 
equation of the theoretical velocity of fatality curve itself, which is the equation 
of a straight lino. That is, yj{x — a)^k^ where 2/-=the velocity of fatality [the 
reciprocal of the survival time], the concentration of the sohition tested, and 
a~ the theoretical threshold of lethality concentration. 


/tan 0 
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is a constant representing the relative toxicity of the substance. 
The value of k is, of course, the slope of the straight line representing 
the theoretical velocity of fatality. 

The curves obtained by the writer differed from those obtained by 
Powers in two respects, and therefoi-e the use of the formula was 
discontinued. In the first place. Powers, using substances of low 
toxicity, salts of the alkali and alkaline earth metals, obtained 
survival-time curves that were not far removed from the x axis (the 
concentration axis) as compared to the y axis, whereas the writer, 
using highly toxic substances, obtained curves with larger and signifi¬ 
cantly different minimum times of kill. Thus, for tlie rotenone 
derivatives the Powers formula, which emphasizes two i)arameters, 
the threshold of toxicity and the maximum rate of increase of the 
velocity of fatality, without considering this third significant para¬ 
meter, seems to be neither sufficiently im^lusive nor impartially 
exclusive. 

If this third parameter, the toxicity at high con(*entration (the 
minimum survival time or the value of the horizontal asymptote) is 

introduced into the formula it would logically appear in 

the denominator—that is, the formula would read —and the 

\ ato 

value obtained would vary directly with the slope of the theoretical 
velocity-of-fatality curve and inversely with the threshold concentra¬ 
tion and with the minimum survival time, as it should. Also, the 
valu(‘ would now be really the square root of a square and expressible 
in rational units. The use of this formula for the comparison of 
toxicity, however, entails the determination of the asymptotes, which 
can bt» made accurately only with great difficulty. 

In the second place, J\)wers obtained velocity curves that were 
sigmoid; therefore, the theoretical velocity-of-fatality curve, because 
it was a straight line passing through the point of inflection, was 
drawn with no great difficulty. However, the initial curvature, 
concave upwards, was not indicated in the tests with the rotenone 
derivatives, this possibly being due to the great toxicity of these 
compounds. Therefore, a straight line approximating this portion 
of the curve was much more difficult to locate. 

The latter difficulty still obtains in the use of the slope of the 
theoretical velocity-of-fatality curve, that is, the equation of the 
straight line as suggested later by Powers (4^)- However, the slope 
would give relative toxic values based on the second parameter only, 
which is desirable for ])ractical purposes. The writer is concerned 
here with the problem of finding the comparative to.xicities of the 
substances at their greatest efficiencies with respect to concentration 
and time, that is, the range in which a quick action is commensurate 
with a low concentration, and not with the question of the minimum 
concentrations at which they just become toxic in any time no matter 
how great, or the minimum time it takes to kill in any concentration 
no matter how great. Although Powers' theoretical velocity of 
fatality corresponds to the portion of the survival-time curve showing 
tliife greater efficiency (the arch of the curve), in the case of rotenone 
and its derivatives the straight line corresponds rather to. the entire 
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left portion of the curve to about the middle of the bend. Thus, the 
slope of the straight line as a criterion for the expression of relative 
toxicity, altho\igli nearer what is desired, is still not entirely satisfac- 
tory. 

Campbell {5) suggests that the relative toxicity may be expressed 
numerically as an “effect comparisons^ by the ratio of the areas under 
the velocity-of-fatality curves and as a “dosage comparisons' by the 
ratio of the areas between the curves and the y axis. Such compari¬ 
sons, however, involve the use of arbitrary upper limits on the axes. 

MINIMUM ci PRODUCT AS A CRITERION 

Examination of the survival-time curves obtained with the rotenone 
derivatives with regard to the possible appj*oximation of their equa¬ 
tions with the asymptotic equation of the hyperbola shows two 
important differences. They are not asymptotic to the coordinate 
axes, and the ci product (the product of concentration and survival 
time), instead of being constant, decreases as a ])oint moves from 
either extreme of a curve toward the arch and reaches a minimum 
value somewhere on this arch, as shown in table 1. When the curves 
are referred to their asymptotes as axes (that is, to Co and toy which 
may be called the concentration tolerance—ecpiivalent to Powers’ 
a —and the time tolerance) they still are not rectangularly hyper¬ 
bolic, for the product (c-Co) (f-4) varies in the same way as does the 
ci product. 

Table 1. — Variation of the constants of the asymptotic equations of the hyperbola 
as shown in tests with rotenone at (\ 
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, 066 

146 

7 97 

4 62 

2 0 

48 

00 

16 9 

. 010 

165 

7 75 

4.37 

1.0 

61 

61 

10 9 

.046 

172 

7.74 

4 30 

.60 

57 i 

28 5 

8 30 

040 

194 

7 70 

4 31 

,30 

03 

18.0 

0 02 

(no 

260 

8. 76 

4. 8;i 

. 20 i 

70 1 

14.0 

6 01 

026 1 

690 

14 75 

7 16 

.10 1 


0 .')() 

4 84 

016 

2,400 

30 0 

7 08 


It occurred to the writer that for i)ractical purposes one of these 
minimum products might serve as a criterion for expressing relative 
toxicity. The e(juation (c-Cq) {t4ii)=^k approximates a somewhat 
wider range than does the equation ct—k^ as shown in table 1, and 
so might be more acceptable. To use the minimum product of 
(c-co) {t-U)y however, would entail the difficulty of determining the 
asymptotes. It is conceivable that more than one compound might 
have the same minimum ci product and yet be different in toxicity, 
as shown by the different positions of tlie arches of their survival 
time curves, but insofar as is indicated by the compounds studied, 
this difference is not likely to be great. This problem is also encount¬ 
ered in other arithmetic comparisons of toxicity. 

The meaning of a toxic, value based on the minimum ct product is 
disclosed by a study of the graphs in figures I and 2, in whi(di are 




a/ as a^ a.jr 

. Afa /2£>e z 

Figurk 2.—Velocity-of*fatality curves. Broken curves indicate the use of a lot of fish differing in resistance 

from the other lots used. 











886 


Journal of Agricultural Research 


Vol 50, no. 11 


plotted parts of the survival-time and velocity-of-fatality curves 
obtained with rotenone and allied compounds. In the first p ace, this 
product is the constant of the equation of an equilateral hyperbola 
tangent to the survival-time curve at the point corresponding to the 
product. The curve on either side of this point is gradually com¬ 
pressed within the hyperbola. Thus, it is a simple means of obtaining 
a hyperbola approximating the critical portion of the curve; tliat is, it 
locates a point in that region of the curve where the inverse variation 
of survival time with variation in concentration is most nearly pro¬ 
portionate. In the second place, as shown in table 2, the product 
is that of the coordinates of the point corresponding to the condition 
of greatest efficiency with regard to the two variables, (;on(‘.entration 
and time; that is, the greatest speed of toxic action is attained with 
the smallest quantity of toxic substance. Beyond this point, accele¬ 
ration of the speed of toxic action decreases witli increase in concen¬ 
tration, as shown in the velocity-of-fatality curves in figure 2. Thus 
the point is one that is medianly located with respect to the pre¬ 
ponderant influences of the concentration tolerance factor and the 
time tolerance factor. 


Table 2. —Correspondence of minimum cl with point of greatest efficiency 


Substance 

Concentra¬ 
tion corre¬ 
sponding to 
minimum 
ci 

Concentra¬ 
tion corre¬ 
sponding to 
point of 
greatest 
efficiency 

Substance 

("oncentra- 
tion corre¬ 
sponding to 
ininnmiic 
ct 

Concentra¬ 
tion corre¬ 
sponding to 
point of 
greatest 
efficiency 


Mtlhgram 

Milligram 


Milligram 

Milligram 


per liter 

per liter 


per liter 

per liter 

Kutenuue__ 

0 045 

0 050 

Tephrosin . 

0 15 

0 11 

Dihydrorotenone_ . - _ 

040 

.015 

Rotenone hydrochloride. . 

023 

.022 

Isorotenone... 

.14 

13 

Acetylrotenone .. _ 

075 

. 075 

Toxicarol. -.. - - 

. 075 

.076 

Rotenolone .. _ . 

.41 

.40 

Deguelin.. 

.055 

.045 





The nearer the arch is to the origin, the greater is the toxicity of 
the compound; therefore, the compounds, arranged according to 
their toxicities as represented by this portion of the graphs in figure 1, 
would have the following descending order: Rotenone hydrochloride, 
rotenone and dihydrorotenone, toxicarol, acetylrotenone, deguelin, 
isorotenone, tephrosin, and rotenolone. This order is given by the 
comparison of the minimum ct products as shown in tables 3 and 4 
and by none of the other methods. In addition, the apparent 
grouping of the compounds (fig. 1) is obviously approximated by 
their respective minimum ct products, whereas, although some of the 
compounds may show the same order according to another method, 
the quantitative comparison in these cases is not that exhibited by 
the graphs. 

In tables 3 and 4 are given the relative toxicity data used in a 
comparison of the methods considered. These data were taken from 
papers previously published by the author (18, 19, 20). 

The values given in table 4 are the relative values of the toxicities 
of the substances as represented by the graphs. They are not the 
Values for the true relative toxicities; to obtain these it would be 
necessary to correct some of the values given for any difference in 
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resistance of the different lots of fish, as shown by comparative tests 
with rotenone. This difference was significant only in the tests with 
rotenone hydrochloride, acetylrotenone, and rotenolone. That the 
curves may be separated into two actually comparable groups is 
indicated by the drawing of one in solid lines and the other in broken 
lines. The correction to be applied will depend on the method of 
determining the relative toxicity. If the minimum ct product is used 
as the criterion, the three substances mentioned must be referred to 
rotenone that has given a minimum d of 9.5 with the same lot of fish. 
Dihydrorotenone was also tested again with this lot. The relative 
value obtained, 1.4, differed somewhat from that given previously, 
1.1, but since it was obtained from a more carefully controlled series 
of tests, it should be used. Corrected in this way, the actual relative 
toxicities of the substances with respect to rotenone are as follows: 
Rotenone hydrochloride, 1.8; dihydrorotenone, 1.4; acetylrotenone, 
0.55; toxicarol, 0.55 ; deguelin, 0.39; isorotenone, 0.23; tephrosin, 0.15; 
and rotenolone, 0.097. 


Table 3. — Toxicity data 


Substance 


Rotenone 

Dihyflrorotenoiie 

Isorotenone 

Toxicarol 

OoKuelin 

'rephrosin 

Kotonone IICL 

Rotenolone. 

Acetylrotenone . 







Vtan^/cofo 

Xfimmum 

ct 

... 


ro 

fu 

tan 0 

Vl«n <?/<•() 

(f-Co) (f-fo) 



1 

Liter per 


Liter per 




SfilhgTam\ 


milligram 


milligram 

Milligram 

Milligram 



per 


per 

minutes 

minutes 


per liter 

Minutes 

\ minute 


minute 

per liter 

per liter 


0 012 I 

10 

0 19 

i 0 

0 58 

7.7 

4 4 

1 

.006 

75 

. Ifi 

5 0 

.04 

7.0 

3.5 

r' '.I 

(HO 1 

146 

1 .042 

1 0 

.085 

33 

9 3 


016 

76 

097 

2 5 

.29 

14 

6 6 


030 

80 

. 15 

2 2 

25 

20 

6 8 


.066 ! 

136 

(HO 

86 

.073 

62 

I 20 


002 1 

126 

22 

10 

.94 

5 3 



020 

116 

oil 

74 

.069 

98 

51 


002 

95 

.067 

6 7 

.59 

17 








Table 4. — Relative toxicity as determined by different methods 


Substance 


Rotenone IKM . 
Dihydrorotenone 
Rotenone.-- . 
'J'ovicarol . 
Acetylrotenone 

Deguelin- . - 

Isorotenone . 
Teidirosin .. . - 

Rotenolone 



Ratio of 
.slopes 

Ratio of 
values by 
formula 1 * 

Ratio of 
values by 
formula 2 * 

Ratio of 
minimum 
ct 

Ratio of 
minimum 
(c-ro) (t-to) 


1 2 

2 5 

1 6 

1 5 


_ 

84 

1.4 

1 1 

1.1 

1.1 


1 0 

1.0 

1.0 

1.0 

1.0 

.. _ _ 

.51 

63 

.50 

. 66 

63 

.. 

35 

1 4 

1 0 

.43 



.79 

.65 

43 

.39 

.56 


.28 

22 

.14 

.23 

.53 


.23 

.21 

. 13 

. 16 

.20 


.a68 

19 

. 12 

.079 



> Powers’ formula * Suggested modification of Powers’ formula. 


SUMMARY 

Of the equations examined, Glaser^s equation, (C— 6) (1 ~ 
is the most nearly applicable to the concentration survival time curves 
obtained in studies with rotenone and related compounds in which the 
gbldfish was the test animal. This equation, however, is too difficult 
to use in making a simple comparison of the toxicity of these com¬ 
pounds. 
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Powers' forinula, toxicity = y—^ is unsatisfactory. A modi- 

fici^ion of this forinula which includes the time-tolerance factor, 
> is an improvement, but it, too, is unsatisfactory becauseof the 

Co ^0 

necessity for determining the two tolerance factors. 

The use of the slope of the theoretical velocity of fatality is unsatis¬ 
factory because it is difficult to locate accurately in some cases and 
because it is strongly influenced by the threshold value. 

The minimum ct product is proposed as a criterion for comparing 
toxicities for the following reasons: (1) It always falls within that 
region of the curve in which the relation of concentration and sur¬ 
vival time is most nearly rectangularly hyperbolic; (2) it corres])onds to 
an intermediate condition between the predominant influen(‘e of the 
two tolerance factors; (3) it gives a value at the point of greatest 
efficiency with respect to concentration and time; and (4) it is com¬ 
paratively easy to determine. 

The minimum ct product when referred to the asym])t,otes as axes 
is unsatisfactory because of the difficulty of determining the asymp¬ 
totes accurately. 

The relative toxicities of the compounds studied, as determined by 
the minimum ct product, agree well with the apparent relation shown 
by the arching protions of their survival-time curves. This agree¬ 
ment is not shown by the other methods considered. 

These values, referred to the value of rotenone for the same group of 
goldfish, are as follows: Rotenone hydrochloride, l.S; dihydrorotenone, 
1.4; acetylrotenonc, 0.55; toxicarol, 0.55; degiielin, 0.39; isorotenone, 
0.23 ; tephrosin, 0.15; and rotenolone, 0.097. 
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THE QUANTITATIVE RELATIONSHIP BETWEEN THE 
CONSTITUTION AND TOXICITY OF SOME ROTENONE 
DERIVATIVES^ 

By W. A. Gersdorpf 

AHHiniant chemist^ Insecticide Division^ Chemical and Technological Researchj 
Bureau of Chemistry and Soils, United States Department of Agriculture 


INTRODUCTION 


The preparation ^ of a number of derivatives of rotenone incident 
to the determination of its chemical structure afforded an opportunity 
for studying the toxicity of various highly toxic substances differing 
from each other but slightly in constitution. The method of studying 
the toxicity of an individual substance, with the goldfish as the test 
animal, is described in a previous paper From the data obtained a 
survival-time curve in which concentration is plotted against survival 
time, and a velocity-of-fatality curve in which concentration is plotted 
against the reciprocal of the survival time are drawn for each of the 
various substances. From the latter curve a value may be obtained 
for the maximum rate of increase of the velocity of fatality with in¬ 
crease in concentration. (Comparisons according to this criterion, 
which are more serviceable from the standpoint of practicality, inas¬ 
much as they have reference to that portion of each curve in which the 
proportional change in the two variables, concentration and time, is 
not greatly different, permit the following generalizations to be made 

(1) The dihydro derivatives produced by saturation of the doiible 
ond in the side chain with hydrogen have appreciably higher toxicitics 
b an the corresponding unsaturated compounds; (2) the enol acetates 
and the acetyl derivatives of the hydroxy compounds have appreciably 
lower toxicitics than the parent compounds; and (3) the hydroxy 
derivatives have much lower toxicitics than the parent compounds. 

Eight of the compounds studied may be classified in the above- 
mentioned groups—rotenone, dihydrorotenone, acetylrotenone ^ ro- 
tenolone ^ acetyldihydrorotenone, dihydrorotenolone, acetylroteno- 
lone, and acetyldihydrorotenolone. The structure of rotenone ® is as 
follows: 
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The dihydro derivatives are characterized by the saturation of the 
double bond in the side chain with hydrogen and so contain the 
group 

yCH3 

—cn 

^CHi 


The enol acetates, acetylrotenone and acetyldihydrorotenone, wliich 
are obtained from rotenone and dihydrorotenone on treatment with 
sodium acetate and acetic anhydride, are characterized by the 
grouping 


O-COCHc 


I/" 


The acetyl derivatives of the hydroxy compounds, acetylrotenolone 
and acetyldihydrorotenolone, which are prepared ” as the main 
products of the reactions of iodine and an alkali acetate with alco¬ 
holic solutions of rotenone and dihydrorotenone, respectively, are 
characterized by the grouping 


or 


IhCOG-'O II 


I 


o 


/\/ 


j'm I 

yj \ 

O -COCHs 


^'he hydroxy derivatives, rotenolone and dihydrorotenoJone, are 
obtained ^ on saponification of the last-named acetyl compounds. 

CRITERION FOR COMPARISON OF TOXICITY 

Recentl^^ the author proposed ^ the use of the minimum product 
of concentration and survival time as a practical criterion for the 
comparison of toxicity. This value corresponds to a point at which 
neither tolerance factor is preponderant; it corresponds to the point 
of greatest efficiency with respect to concentration and survival time, 
and it is comparatively easy to determine. 

The probable error of the observed ct products in the neighborhood 
of the minimum is no greater than 7 percent of the mean. However, 
the error of the given minimum value is even less, for it is determined 
from the survival-time curve, which is, in effect, an average of all the 

See footnotB on page 893. 

7 OERSDORFF, W. a. a new criterion for the comparison of TOXiaTY WITH RESPECT TO CON¬ 
CENTRATION AND TIME. Jour. Agr. Research. 60:881-891, illus 1936. 





June 1,1936 Quantitaiive Relationship of Rotenone Derivatives 895 

observed points. The survival-time curves are given in figure 1. 
Since the points corresponding to the minimum ct products always 
appear on the arches of the curves, these portions only were determined 
in the comparative tests made with rotenone and dihydrorotenone. 



MfLLIGRAMS PER LITER 
FKiUKh I Survival-time curves. 

RESULTS 

vSince different lots of goldfish may vary somewhat in their resistance 
to toxic substances and two different lots were used in the toxicological 
tests described in this paper, check tests were made with each lot for 
the purpose of comparison, rotenone being used as the standard 
compound. The data for these tests are given in table 1. 

Table 1. — Toxicity of rotenone^ dikydrorotenonCy acetyldihydrorotenone, acetylrote- 
nolone, dih ydrorotcnoloney and acetyldihydrorotenolone at 27.0° C,^0.2° 


ROTENONE 


Concentration | 
(mg per liter) 

Fishes! 

Mean 

length 

of 

Ashes 

Moan 

weight 

of 

Ashes 3 

1 

Mean 

survival 

time 

Concentration 
(mg per liter) 

Fishes * 

Mean 

length 

of 

Ashes 

Mean 

weight 

of 

Ashes 3 

! 

Mean 

survival 

time 


Number 

Mm 

Orams 

MimUes 


Number 

Mm 

Grams 

Minutes 

0.200. 

30 

43 

2 4 

116 

0.084_ 

6 

44 

2.5 

138 

0.200 . 

0 

42 

2 3 

118 

0.070 .. 

8 

43 

2.4 

140 

0.132 __ 

4 

43 

2.4 

121 

0.052_ 

10 

46 

2.6 

185 

0124. 

9 

43 

2.4 

128 

0.050. 

»7 

40 

2.7 

190 

0.100.. 

19 

44 

2.6 

123 

0.027.. 

M3 

47 

3 1 

376 

0 100 _ 

»7 

44 

2.6 

130 







» Fishes from lot 4 were used in the dihydrorotenolone tests; Ashes from lot 2 were used inr the other tests, 
with the exceptions noted. 
i Estimated from length exclusive of tail. 

> Fromjot 4. 
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TABTiE 1.— Toxicity of rotenone^ dikydrorotenoncy acetyldikydrorotenoncy acetylroie* 
noloriey dihydroroienolonCy and aceiyldihydroroienolone at ^7.0° C.±0.^° —Contd. 

DIHyDROROTENONE 


Concontratioii 
(mg per liter) 

Fishes 1 

Mean 

length 

of 

fishes 

Mean 

weight 

of 

fishes 

Mean 

survival 

time 


Number, 

Mm 

Orarm 

Minutes 

0 25-.. 

12 

42 

2.3 

96 

0.20--- _ 

16 

44 

2 6 

111 

0 15_ 

13 i 

41 

2.2 

121 

0 10_ 1 

21 , 

42 

2 3 I 

125 

0 080 _ 

13 

40 

2 1 

132 


Concentration 
(mg per liter) 

Fishes 

Mean 

length 

of 

fishes 

Mean 

weight 

fishes 

Mean 

survival 

time 


Number 

Aim 

Grama 

Minutes 

0 078. 

8 

42 

2.3 

135 

0 050. 

‘SO 

40 

2 1 

158 

0.040--- 

23 

39 

1.9 

175 

0 030_ 

14 

40 

2.1 

280 


2 00 -- 
1 (XL- 
0 5U() 
0.250 
0 100 _ 


ACETYLDlIiyDROROTENONE 



40 

2 1 

122 0 100_ - 

3 14 

46 

2.8 

n 

39 

1 9 

116 0 050 _ 

12 

43 

2 4 

11 

40 

2.0 I 

122 0 050-- _ 

3 15 

47 

3 1 

11 

41 

2.2 

1.37 0 025 . _ 

3 20 

48 

3.3 

8 

43 

2 4 

155 


1 



150 

230 

238 

fiOO 


A C ET Y LROT E N () I.ON E 


2 00 _ 

10 

41 

2 2 

♦320 

0.500 --, 

4 

44 

2 5 

1 50_ 

3 12 

47 

3 1 

.365 

0 375 _ 

3 11 

46 

2 8 

1 00 - . 

6 

38 

1 7 1 

370 

0 300 . 

3 

48 

3 2 

0 563- -- - 

3 15 

45 

2 6 

406 

0 2.50 _ 

9 

46 

2.7 


DIHYDROROTENOLONE 


1 00. 

10 

46 

2 7 

155 

0.200.. 

12 

44 

2 6 

319 

0 7,50 _ 

12 

45 

2 7 

161 

0.143. 1 

11 

43 

2 5 

.530 

0.500 

12 

45 

2 6 

188 

0 102. 

12 

46 

2 7 

*8(X) 

0.375. 

11 

45 

2 7 

203 

0 075.— 

12 

(") 

(«) 

n 

0 250-. 

10 

1 

45 

2 6 

272 


j 





ACETYLDIHYDROROTENOLONE 


2 00__ 

7 i 

40 

2 1 

280 

0,500 . 

3 15 

46 

2 8 

312 

2 00_ 

3 13 

46 

2 9 

299 

0.3,33_ 

3 16 

47 

3 1 

348 

1 33.-. 

3 12 

46 

2 9 

312 

0.300_ - 

3 16 

48 

3 2 

.547 

1.00_ ---. 

6 

40 

2.0 

»344 

0.250 _ 

9 

43 

2 5 

767 

0 760.. 

3 15 

46 

2 7 

300 

0.100 .. 

4 

40 

2 0 

(») 

0.500.. 

4 

38 

1.7 

309 






3 From lot 4. 

* During the initial 15 minutes of the test the temperature was too high, being 27.7® at the start, there¬ 
fore the survival time value recorded is probably somewhat low. 

* Owing to an increase in room temperature overnight, the temijerature of the test rose to 27 9° C.; there¬ 
fore the value recorded for the survival time is probably low. 

•All fishes were not measured, but they were of the same approximate size as in the other tests. 

^ 36 hours for 9 fishes; 3 fishes were apparently unaffected after 90 hours. 

* The temperature was too low during this test, the average being only 26.0® C.±0.2°. Therefore, the 
value recorded for the survival time is high 

® 17 hours for 3 fishes; 1 fish was apparently unaffected after 48 hours. 


In the tests on three of the compounds both lots ® were used. In 
the tests with dihydrorotenolone lot 4 alone was used. This lot was 
chosen to finish the tests because the goldfish, although of larger 
average size, were apparently similar to lot 2 in their resistance to 
these toxic substances. The results obtained with them fall well 
within the limit of error of the tests with lot 2. This fact is shown 
hj the tests with all the compounds in which both lots were used. Lot 
2 is from the same group of fish that was used in the previously pub- 


« hot ^ was obtained in October aftd lot 4 was obtained IQ January 1933. 
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lished tests with rotenolone and acetylrotenone.® The toxicity data 
for the derivatives other than these two are given in table 1. 

The relative toxicity of the derivatives, obtained by comparison of 
their respective minimum ct products, designated {ct)mi with that of 
rotenone is given in table 2. In table 3 the relation between the struc¬ 
ture of the compounds and their toxicity is shown by the ratios be¬ 
tween the values for the parent compounds and their derivatives. 
They are arranged according to the three groups, the dihydro deriva¬ 
tives, the acetates, and the hydroxy derivatives. There are four ratios 
in each group, and it is apparent that within each group they are 
practically identical. 

Tablk 2.— Relative toxicity of rotenone derivativea at 27.0° C.±i0.2° 


(\nnpnuud ^ 

(Concentra¬ 

tion 

Survival 

time 

Minimum ct 

Relative tox¬ 
icity referred 
to rotenone 

Dihydrorotenone . ... 

Mittigram 
per liter 
0.035 

Minutes 

195 

Milligram 
minutes per 
liter 

6 .83 

1.39 

ilotenoue.. , . . _ . . _. _ 

. 0.50 

190 

9.60 

1.00 

AcetyMihydrorotenone_ _ _ 

.050 

234 

11.7 

.812 

Acetylrotenono_ . . ^ _ 

.075 

229 

17.2 

.652 

Dihydrorotoiioloue.-- - _ 

.200 

319 

63.8 

.149 

Koteiioione.. . 

.410 

240 

98.4 

.0965 

Acetyldihydroroteuolone .- 

.330 

352 

116 

.0819 

A cetylrotenoloue.. - - 

.370 

470 

174 

.0546 


Table The effect of slight changes in the consitulion of rotenone compounds on 

their toxuily 


Compound 


Effect 
of U» 

Effec't 
of Ac* 

1 

Effect 
of OHJ 

1 

Effect 
of H 
and Ac 

Effect 
of H 
and 
OH 

Effect 
of Ac 
and 

ou 

Effect 
of H, 
Ac. and 
OH 

Rotenone . - 

Milligram 
minutes 
per liter 

9. 50 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Dihydrorotoiioue- _ - 

Acelyirotenoue -- _ 

Acetvldihydroroteiioue _ 

a. S3 
17.2 

11 7 

139 

T47" 

55 2 
58 3 

- - 

81 2 

. 



Roteiioloue ... . - -. 

Dihydrorotenolone. 

Acetylrotenolone. 

Acetyldihydrorotenolone. 

98.4 

9.7 




8 

174 

154 


10,7 

9 9 


14.9 

5.46 

. 

116 

iw 

56.0 

10.1 

84.8 

14.8 

6.89 

8.19 

A verage _ 


148 

66 3 

10.1 

83.0 

14 9 

5.68 





Product of individual effects..- 



- —- 


83.3 

14.9 

5 69 

8.41 


1100 times the ratio of the (cOm of the uiisatiirated parent compound to that of the dihydro derivative. 

2100 times the ratio of the (ct)m of the parent comi>ound to that of the acetate. 

3100 times the ratio of the (rt)w of the parent cointiound to that of the hydroxy derivative. 

SUMMARY AND CONCLUSIONS 

Eight compounds, rotenone and seven of its derivatives, compared 
according to toxicity under conditions corresponding to the minimum 
value of the et product at 27° C., have the following relative toxicities 

»*Qkrsdorff. W. a. See footnote 5. 
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to goldfish weighing from 2 to 3 g. Dihydrorotenone, 1.4; rotenone, 
1.0; acetyldihydrorotenone, 0.81; acetylrotenone, 0.55; dihydrorote- 
nolone, 0.15; rotenoloiio, 0.097; acetyldihydrorotenolono, 0.082; and 
acctylrotenolone, 0.055. 

Insofar as these compounds and this method of comparison are 
concerned, each change in chemical constitution effects a characteristic 
change in toxicity indeirendent of the effect of any other change. 

The dihydro derivatives produced by saturation of the double 
bond in the side chain with hydrogen have 1.5 times the toxicity 
of the corresponding unsaturated compounds. 

The acetates, whether of the enol type or the acetyl derivatives of 
the hydroxy compounds, have ().5() the toxicity of the parent com¬ 
pounds. 

The hydroxy derivatives have 0.10 the toxicity of the parent 
compounds. 

The combined effect on toxicity of more than one change in con¬ 
stitution is equal to the product of the individual efl'ects. Thus, the 
dihydroacetates have 0.83 the toxicity of the parent compounds; 
the dihydrohydroxy derivatives have 0.15 the toxicity of the ])areiit 
compounds; the acetylhydroxy derivatives have 0.057 the toxicity of 
the parent compounds; and acetyldihydrorotenolone, the derivative 
including all three changes in constitution, has 0.0S2 the toxicity of 
rotenone. 



EFFECT OF GOSSYPOL UPON THE MUSCLE OF THE 
SMALL INTESTINE OF THE RAT ‘ 


By L. A. Moore ^ 

Research assistant in dairy husbandry^ Michigan Agricultural Experiment Station 

INTRODUCTION 

Although gossypol, the toxic principle of cottonseed, has been 
widely studied, its physiological effect on the muscle tissue of the 
intestinal tracrt appears to have received little attention. Schwartze 
and Alsberg {8^ p. 194) ^ stated, ^^Gossypol has a paralytic effect not 
merely upon the neuromuscular apparatus of striated muscle but also 
upon that of smooth muscleand in another article (7, p, 176) they 
reported, '^The oral administration of gossypol dissolved in oil is 
followed by diarrhea and also by paralysis of the intestine and stomach 
musculature.'^ 

Edgertou and Morris (5) noted in the post-mortem examination of 
four rabbits which died of cottonseed poisoning that the stomach 
contained a large amount of food mixed with mucus and that the 
intestines were full. Macy and Mendel (5) made a similar observation 
on rabbits fed cottonseed meal. Gallup (4) noticed intestinal impac¬ 
tion in a rat which lived 8 days after an intraperitoneal injection of 
gossypol. CMark (£) found inWstinal impaction in the (‘hronic type 
of poisoning where rats were injected intraperitoneally. Macy and 
Outhouse (6*) noticed that dogs fed a diet containing 45 percent of 
cottonseed meal for 192 days showed extreme soreness in the abdomi¬ 
nal regions. Withers (*9) noted pendulous crops in hens receiving 0.2 
percent of gossyjiol in the diet. Thirty percent of raw cottonseed 
produced the same effect. 

The literature cited indicates that gossypol has a paralytic effect 
upon the muscle tissue of the digestive tract of animals. Unpublished 
work by the author showed that gossypol, in oil solution, given in 
sufficient amounts by means of a stomach tube, caused a paralysis 
of the stomach musculature, and that when added directly to the 
bathing solution it caused jjaralysis of the muscle of the isolated 
uterus of the rat. TJie present work was carried out to determine the 
effects of gossypol upon the isolated longitudinal muscle of the small 
intestine of the rat. 

PROCEDURE 

The principal method of study was to observe the contractility 
of longitudinal strips of intestine after the rats had been fed gossypol 
or raw crushed cottonseed in various amounts for difl'erent lengths of 
time, the usual technic for such tissues being used. It was thought 
that such a procedure would more closely record the effects of gossypol 
than a study of the effects of gossypol added directly to the isolated 

1 Received for publication Jan. 15,1935; issued July 1935. Journal article no. 298 (n s.) of the Michigan 
Agricultural Experiment Station. 

> The author wishes to express his appreciation to Prof. B. B. Roseboom, of the physiology department 
of Michigan State College, ibr his Interest in this work and for the use of apparatus in carrying out these 
experiments. 

* Reference is made by number (italic) to Literature Cited, p. 908. 
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strips of intestine. The latter method, however, was used in a few 
experiments, with concentrations of gossypol at 1 to 6,000, 1 to 12,500, 
and 1 to 25,000. 

The gossypol used was prepared in the form of an acetate by 
Carruth^s method (f). The acetic acid was removed by dissolving 
the gossypol acetate in ether and washing with water. The ether 
was driven off on a steam bath at 60° C. The crusts formed were 
washed with water and recrystallized from ether. 

Albino and piebald rats from a healthy colony which received a 
ration conducive to good growth and reproduction were used. The 
experimental rats were generally started on the gossypol or raw 
crushed cottonseed diets at 30 to 40 days of age. Litter mates of the 
same sex and approximately of the same weight were used as controls. 
The experimental animal of each pair received a diet containing gossy¬ 
pol or raw crushed cottonseed. The control animal received the same 
amount of food per day without the gossypol or raw cottonseed as 
the experimental animal had consumed the previous day. It was 
thought best to follow this procedure in order to eliminate any effects 
which the lowered food consumption might have on the experimental 
animals. Except for the effect of the gossypol, the control animals 
would approximate the weight and nutritive state of the experimental 
animals at the time of slaughter. All animals liad a(*.(‘ess to food up 
to the time they were killed. 

The following basal diet was used: 

Percent 


Ground yellow corn_ __ ___— 54 

Wheat middlings_ _ _ _ -- 23 

Refined cottonseed oil__ _ . _- — 7 

Alfalfa leaf meal_ . _ __ — 4 

Protein mixture._ _ __ _ - 9 

Calcium carbonate.-_ _ __ - _ - - 1 

Salt_ __ _ - - - - - 1 

Bonemeal___ _ _- _ - 1 

100 

The protein mixture contained: 

Tankage_ _ _ __ 50 

Linseed meal___ __ __ 35 

Crude casein_ 15 


100 

When gossypol was added to the diet, the desired amount was dis¬ 
solved in ether and mixed with the cottonseed oil used in the ration. 
This solution was poured over the dry feed mixture, which was then 
spread in a thin layer and allowed to remain at room temperature 
until the ether had evaporated. Where raw crushed cottonseed was 
fed it replaced the wheat middlings in the basal diet. 

After the animals had been on the diets the required length of time 
they were removed from the cages and killed by a blow on the head. 
The abdomen was opened and strips about 2 cm in le^th were 
removed and placed in Lockers solution without glucose. Tiie strips 
were taken from three different portions of the intestine. Most 
of them were taken from 12 to 25 cm below the pylorus. Othei^s 
were taken from 3 to 5 cm below the pylorus and from 3 to 5 cm 
above the caecum. The strips were removed as needed from Lockers 
solution without glucose, and kymograph records were made of 
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their longitudinal activity in the complete Lockers solution. Oxygen 
was bubbled through the Lockers solution with the temperature kept 
constant at 37.5° C. Contractility records were made simultane¬ 
ously on segments from the control and experimenta] animals. 

The levers used measured 19 cm from the writing point to the 
fulcrum and 3.5 cm from the fulcrum to the thread attached to the 
intestine, and wore so weighted as to place a stress of about 0.5 g on 
the strip. 

In order to simplif^^ the description and recording of the results 
of the contractility studies a grading system was used. Four plus 
means that a strip had consistently made excursions in height of 
contraction coiuparable with that which a beating strip w^ould make 



Figure 1. —Dilated intestine of a rat fed 17 percent of raw cottonseed for 8 weeks (-d) compared with that 
of the control animal fed the same kind and amount of food without the raw cottonseed (/i). The dilation 
was graded ++-1- to ++++. 

which was normal for the weight of the animal and the particular 
place in the intestine from which it was taken. Zero means that the 
strip showed little or no activity; 1 + , 2 + , and 3+ represent inter* 
mediate values, and 5+ or 6+ means that the height of the excur¬ 
sions was greater than normal. 

During the progress of the experiments it was noticed that many 
of the experimental animals which had received gossypol or raw 
cottonseed for 3 to 8 weeks in amounts that would limit growth, 
showed a dilation of a part of the small intestine, as indicated in 
fjgure 1. These distended or dilated intestines were graded as 
+ +, + + + 1 and + + + + according to the severity of the disten¬ 
sion. 

It was noticed during the i)rogress of the experiments that strips 
of intestines from the experimental animals when placed in Locke's 
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solution without glucose did not shorten as much as similar strips 
taken from the control animals. Accordingly 6 cm stri})s were 
taken 12 to 25 cm below the pylorus from each pair of animals and 
placed in Locke's solution without glucose. Approximately 1 hour 
later they were removed, measured again, and tlic length recorded. 
Inasmuch as the strips from the various pah-s were kept at diflerent 
temperatures, only the strips from each pair are comparable. 

Kymograph records were not made of pairs in which the experi¬ 
mental animals appeared to be within a few days of death. 

In the tables the letter E before the numbers of an animal desig¬ 
nates the experimental animal and the letter C designates the control. 

EXPERIMENTAL RESULTS 

EFFECT OF ADDING GOSSYPOL DIRECTLY TO THE SOLUTION BATHING A NORMAL 

INTESTINE 

To determine the effect of adding gossypol directly to a solution 
bathing a normal intestine, two strips of intestine were taken from 
the same animal 12 to 25 cm below the pylorus, and one was placed 
in a solution to which gossypol was added at a concentration of 1 to 



Figure 2 - Effect on isolated lonKitudiiial strips of the intestine of a rat before, and 13 iiiiniites after, adding 
gossypol directly to the bathing solution at a conceiitrat ion of 1 to (i.tXX) 10" = 10 seconds, li me inter\ al 

6,000. The other strip served as a control. The results, })resented 
as kymograph records in figure 2, show that at a concentration of 
1 to 6,000 the contractions were greatly reduced after 13 minutes. 
At a concentration of 1 to 25,000, as shown by other expeiiments, 
the contractions were greatly reduced after 20 minutes. 

Apparently gossypol when added directly to the bathing solution 
caused a progressive paralysis of the muscle of the small intestine. 

EFFECT OF FEEDING FROM 0.2 TO 0.4 PERCENT OF GOSSYPOL FOR 5 TO 21 DAYS ON 
SEGMENTS OF INTESTINE TAKEN FROM 12 TO 26 CM BELOW THE PYLORUS 

By reference to table 1 it will be noted that three animals fed 0.2 
percent gossypol for 17 days show’^ed normal contraction. In these 
cases, however, the 6-cm strip did not shorten as much as that of the 
controls. In none of these three animals was the intestine dilated. 
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Table 1 . —Effect of feeding rats from 0.2 to O .4 percent of gossypolf from 5 to 21 
daySf upon the contractile strength of strips of their intestines taken from 12 to 26 
cm below the pylorus 


Animal no. and sex > 

Weight 

when 

placed 

on 

exiKjri- 

ment 

Weight 

when 

killed 

(lossy* 

pol-fed 

Feed¬ 

ing 

period 

Dila¬ 

tion 

of 

intes¬ 
tine * 

Strips 

used 

Length 
of 6 -cm 
strip 

1 hour 
after 
re¬ 
moval 

Strength 
of con¬ 
trac¬ 
tion 









Centh 

E Ml, male. 

Grams 

Grams 

Percent 

Days 


Number 


meters 

71 

88 

0 2 

17 

0 

2 

4 0 

4+ 

C'' 540, male 

72 

86 



0 

2 

3.5 

4-1- 

E 547, male. 

83 

01 

.2 

17 

0 

2 

4 2 

4-f 

('540, male_ ... . 

92 

07 



0 

2 

4 0 

3-f 

E 55:1, male-. . __ 

101 

105 

.2 

17 

0 

2 

3. 5 

4+ 

r 552, male .. . 

101 

97 



0 

2 

3 4 

4+ 

E 443, male. 

03 

00 

.3 

5 

0 

1 

3^ 

C-j- 

(’444|male,.. ... 

04 

55 



0 

1 

3 3 

5-f- 

E 437, male.... 

04 

55 

.3 

7 

0 

2 

3.4 

6 -f 

(' 438, male_ . 

00 

65 



0 

2 

3.0 

5-f 

E 430, female _ 

102 

81 

.3 

14 

+ + 

2 

4.1 

6 -f 

440, female .. _ 

103 

02 



0 

2 

:i.3 

3-1- 

E 141, female _ 

58 

51 

3 

14 ' 

+ 

2 

4.3 

0 -f 

442, female _ . . . . 

07 

52 



0 

2 

3.3 

4f 

E 448, male . ___ 

00 

40 

.3 

18 


2 

4 0 

5-1- 

C- 447, male . 

05 

07 

j ■■ 2 

2.5 

1 .3 


0 

\ 

2 

3 5 

4-f 

K 418, female. 

02 

73 

7 

7 

++++ 

1 

14 

6 -f 

(M17, female.. 

58 

60 

* 

1 

0 

1 

3 4 

4-f 

E 480, male 

01 

43 

...,4.. 

7 

0 

2 

12 

6 + 

r 479, male 

01 

40 



0 

2 

3.5 

4-}- 

E 484, female .. . _ 

04 

40 

.4 

8 

0 

2 

16 

64- 

<M83, female.. 

03 

.54 



0 

2 

3 3 

44- 

E 480, female. .. 

45 

45 

4 

10 ’ 

0 

2 

3 4 

6 -f 

(’485, female .. 

05 

40 



0 

2 

2 8 

3-f 

E 488, female . ... 

00 

:i9 1 

.4 

0 

Died 



f’ 487, female.. 

07 

49 







E 400, male. ... 

(^. 480, male__... 

50 

.50 

:i 8 

35 

4 

11 

Died 



. 

E 482, female .. . 

01 

:18 

4 

n 

Died 




(’ 481, female , . . 

01 

30 












i 





> K, exiwriiMontal, and (\ contnti animals in all tables 
' See text for explanation of symbols in this and foIlowinK tables. 


Of five aninuils fed O.U percent of gossvpol for from 5 to 18 days, all 
showed an increased heiglit of contraction as compared with the con¬ 
trols. In all cases the (i-em strip from the experimental animal 
shortened less than normal. The tracings of experimental animal 
IC 439 and control animal C 440 are presented in figure 3. 

One animal (E 418) fed 0.2 percent of gossypol for 7 days, 0.25 
percent for 7 days, and then 0.3 percent for 7 days more showed an 
increased height of contraction as compared to the control. This 
animal showed a -f+ + + distension of the intestine. 

Three animals fed 0.4 percent of gossypol for 7 to 10 days showed 
increased contraction as compared to the controls. Tlu’ee other 
animals at tliis level of gossypol died in from 9 to 12 days. 

It would appear from this series of observations that gossypol fed 
at levels of 0.3 to 0.4 percent for short periods causes an increase in the 
height of contraction of longitudinal strips of the intestine. The 6-cm 
strips, however, shortened less than those of the controls and four 
animals of the group showed a distended intestine. 
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EFFECT OF FEEDING FROM 0.2 TO 0.3 PERCENT OF OOSSYPOL FOR 21 TO 42 DAYS 

A series of experiments was carried out to determine the effects of 
feeding 0.2 to 0.3 percent of gossypol for 21 to 42 days. The tracing 
in figure 4, shows an almost complete paralysis of the segment of 
intestine of rat E 502, after the animal had received 0.3 percent of 
gossypol for 2 weeks, 0.2 percent for 2 weeks, and 0.25 percent for 3 

C 440 






Figure 3 —Showing increased activity of longitudinal strip of inl-estine of rat E 439 fed 0 3 iiercenf gossyptd 
for 14 days compared to control animal 0 440 10"-10 seconds time interval 


weeks. This result was characteristic of those obtained in this 
series of experiments. The G-cm strip of the intestines of the ex¬ 
perimental animals contracted but very little as compared with that 
of the controls (table 2). 

An experiment in which five animals were fed 0.15 jiercent of gossy¬ 
pol for io days and 0.3 percent for 32 days, but in which the food 
consumption of the controls was not limited, gave the same results. 

C 501 
E502 


h n t U M 1 I 

10 

Figure 4.-—Almost complete paralysis of the segment of intestine of rat E 502 fed 0.3 percent gossypol for 2 
weeks, 0.2 iiercent for 2 weeks, and 0.25 percent for 3 weeks as compared with control animal (1 601. 10" 
*10 seconds time interval 

A comparison of the residts shown in table 1 with those in table 2 
suggests that a large amount of gossypol fed for a short period causes 
a stimulation of the longitudinal strips and that the feeding of smaller 
amounts for longer periods finally causes a paralysis of the strips. 
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Table 2. —Effect of feeding rats from 0.2 to O.S percent gossypoly from 21 to 4^ days, 
upon the contractile strength of strips of their intestines taken from 12 to 26 cm 
below the pylorus 


Animal no and sox 

W'^eight 
when 
placed 
on ex¬ 
peri¬ 
ment 

Weight 

when 

killed 

Oossy- 
pol fed 

Feed¬ 
ing jie- 
riod 

Dilation 
of in¬ 
testine 

Strips 

used 

Length 
of 6 -cm 
seg¬ 
ment 

1 hour 
after re¬ 
moval 

Strength 
of con¬ 
traction 








Centi- 



Grams 

Gramtf 

Percent 

Days 


Number 

meters 


E 504, female__ __ 

80 

.58 

/ 0 3 

1 .25 

7 

35 

} + 

1 

5 5 

H 

C 503, female _ 

75 

72 



0 

1 

3 5 

3+ 

E 506, male . . _ 

83 

61 

{ [15 

7 

35 

} + 

1 

5 5 

1 + 

C 505, male.. . . _ 

73 

76 



0 

1 

3 5 

4+ 

E 510, female.. 

H3 

70 

{ . 25 

7 

.35 

I '' 

1 

5 5 

1 + 

('509, female ... . . _ 

75 

91 



0 

1 

3 5 

4+ 

E 508, male 

73 

.58 

{ .25 

7 

35 

}++++ 


(») 


.507, male . . .... 

i 73 

95 








1 


{ -3 

14 





E 498, male ... .j 

KKI 

106 j 

1 .2 

14 

1 + 

1 

.5.7 

2 + 




1 .25 

12 ! 

I 




C 497, male _ | 

88 

175 j 


1 

1 0 

] j 

3 0 

3-f 

i 


1 

j 3 

14 

] 




E .5(X1, male. 

88 

1 ! 

•2 

, 

1 + ++4- 

1 

.5.5 

1 + 




1 25 

12 





<' 499, male 1 

86 

100 1 

... 


1 » i 

1 

3.1 

4+ 



l( .3 

14 

] 




E .502, male [ 

87 

92 

*2 

14 

f + 

1 

5 5 

1 + 




1 25 

12 

1 




V 501, male 

87 

KN) 

1 ' *> 


0 

1 

3 7 

4+ 

E 408, male . _ 

62 

71 

•f 

7 

y 

+++ 

2 

5 1 

1+ 

(' 407, male..- 

64 

74 


i 

1 

0 

1 

2 

3.0 

4+ 

F) 416, female. 

73 i 

63 

{ . 25 

7 

++ 

2 

4.8 

1+ 




1 3 


1 




C 41.5, female. _ 

1 

67 1 

71 


4 j 

0 

2 

.3.0 

4+ 

1 







__ 



» Almost dead. 


EFFEt’T OF FEEDING 17 PERCENT OF RAW COTTONSEED FOR 42 TO 66 DAYS ON 
SEGMENTS OF INTESTINE TAKEN FROM 12 TO 26 CM BELOW THE PYl,ORUS 

Altlioup:h tlie cxperiinents thus far reported were carried out with 
^ossypol directly, in most of the preliminary work raw" cottonseed 
was used as the source of gossypol. The results with three pairs of 
animals are showm in table 3. The effects were much the same as 
when gossypol was fed. 


Table 3. —Effect of feeding rats 17 percent raw cottonseed, from 42 to 66 days, upon 
the contractile strength of strips of their intestines taken from 12 to 26 cm. below the 
pylorus 


Animal no. and sex 

Weight 
when 
placed 
on exi)er- 
iment 

W’^eight 

when 

killed 

512, male_ 

Grams 

71 

Grams 

80 

C 611, male.. 

76 

100 

E 516, female__ 

80 

76 

C 615, female_ 

74 

85 

E 614, male__ 

71 

100 

C 613, male... 

66 

117 



Feeding 

period 


Days 

42 


•ilation 
f intes¬ 
tine 

1 

Strips 

used 

Length 
of 6 -cm 
segment 

1 hour 

I after re¬ 
moval 

Strength 
of con¬ 
traction 

+4- 

Number 

2 

Centi¬ 

meters 

6.6 

0 

0 

2 

3.5 

44- 

4-4-4- 

2 

6.3 

24- 

0 

2- 

3.6 

34- 

4- 

1 

5.8 

0 

0 

1 

3.7 

34- 
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In another series of experiments four animals fed 17 percent of raw 
cottonseed for 5 weeks were killed and the segments from three differ¬ 
ent portions of the small intestine were compared directly with each 
other. The two segments taken from the upper part of the digestive 
tract showed marked paralysis, wdiile those taken from 3 to 5 cm above 
the caecum were but slightly affected. 


Table 4. —Comparative effect of feeding gossypol to rain upon the contractile strength 
of strips from different parts of their intestines 


1 

StrenRth of 

strength of 

Strength of 


segment 

segment 

segment 

Animal no. and sex 

3-5 cm 

12-25 cm 

3-5 cm 


below the 

below the 

above the 


pylorus 

pylonis > 

caecum 

E 504, female...-. 

0 

14- 

34- 

C' 503, female..-.-.. .. 

2 + 

»4- 

14- 

£ 506, male______ --- -- _ 

0 

14- 

44- 

C 505, male-- - . .... 

4-f 

44- 

44- 

E 510, female. ..-... 

1 + 

14- 

34- 

C 509, female... — — - - --- - 

2 + 

4-1- 

34- 

E 500, male____ . 

0 

14- 

24- 

r 499, male........ - 

4+ 

44- 

t 3+ 

E 502, male__ _ _ -.. 

0 

l-f- 

44- 

C 501, male.- .... 

4-f 

! 4f 

t 34- 


1 Data taken from table 2. 


EFFECT OP GOSSYPOL ON SEGMENTS FROM OTHER REGIONS OF THE SMALL 

INTESTINE 

In the experiments thus far presented all the segments studied were 
taken from 12 to 25 cm below the pylorus. This region was selected 
because it was here that the effect of the gossypol seemed to be most 
pronounced as judged by the fact that at this place a dilation of the 
intestine usually occurred. 

From animals E 504, E 500, E 510, E 500, and E 502 (table 2) two 
strips were taken, one from 3 to 5 cm below the pylorus and the other 
from 3 to 5 cm above the caecum, and compared with similar strips 
from the controls. The results are shown in table 4. 

PECULIAR RHYTHM IN DILATED SEGMENTS 

A peculiar rhythm was noticed in eight segments from intestines 
which were greatly dilated—a number sufficiently large to be of some 
significance. This rhythm is shown in figure 5. The length of time 
betysreen these peculiar reactions as well as the strength of contraction 
varied, of course, with different animals. This rhythm was never 
noticed except in the dilated portions of the intestine. In three 
instances it was duplicated in a second strip from the same animal. 

DISCUSSION OF RESULTS 

To conserve space, only the results from typical series of animals 
have been reported. The results of the investigation indicate that 
when gossypol is fed to rats in large amounts for 5 to 21 days, it causes 
a stimulation of the isolated longitudinal muscle of the small intestine, 
as shown by a study of strips taken from 12 to 25 cm below the pylorus.' 
This effect may in part explain why investigators in the past have 
noticed diarrhea after gossypol or raw cottonseed has been fed to 
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animals. It may be that the increased stimulation of the intestine 
was an attempt of the animal to get rid of the toxic material. This 
stimulation was not apparent when gossypol was added directly to 
the isolated tissue in the bathing solution. It would seem, therefore, 
that the method used in this work more closely records the true physio¬ 
logical effects of a drug than the method of adding the material directly 
to the bathing solution. 

The results further indicate that when the animals survive a medium 
dosage of gossypol for 4 to 8 weeks, a paralysis of the isolated longi¬ 
tudinal muscle takes place in the region about 12 to 25 cm below the 
pylorus. These animals would be considered by most investigators 
as in a chronic state of injury. No explanation of the mechanism 
by which the paralysis is produced will be attempted. A considerable 
^lumber of segments of the various animals were subjected to pilocar- 
oine in dilutions of 1 to 50,000. The results, however, were not con¬ 
sistent except in cases where the strips showed almost complete 
paralysis. In these cases the strips did not react to pilocarpine. 

Since large amounts of gossypol fed for short periods stimulated the 
contractility of the muscle of the intestine in strips taken from 12 to 








I T'T'T'ryrrr mT"l u i n \ H IT V H \ U 1 T 




10 



Fkh kk 5 Ppculuir rh\ thru in strip of intestine taken from two diflerent rats with a dilated segment of 
intestmo 10" = 10 seconds tinio interval 

25 (mi b('low the pylorus and small amounts fed for long periods pro¬ 
duced paralysis, it might be expected that the feeding of intermediate 
amounts for intermediate lengths of time would produce results in 
which some strips would show stimulation, some paralysis, and some 
would appear normal. This was the case in several series of experi¬ 
ments not reported in this paper. . . j- 

Observations on different portions of the small intestine indicated 
that the lower portion of the small intestine was not markedly affected 
in animals in a chronic state of injury. Segments taken from 3 to 
5 cm above the caecum contracted in about a normal manner. 

During the progress of this experiment it was noticed that strips of 
intestine from animals fed gossypol became fatigued more easily than 
those from the controls. When animals had been fed gossypol for a 
considerable length of time, and records were made of strips taken from 
the same part of the intestine, it was found that if the first strip showed 
some activity, the second showed less and the third still less. In the 
ci^e of the controls, liowever, the records showed no such decrease m 

activity. , . , , . , ^ . 

Dilation of the intestine occurred m 22 of the ammals’reported m 
this investigation and in 33 of those not reported. The dilation could 
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be produced either with gossypol or raw cottonseed with equal 
regularity. It occurred most frequently in the animals that showed 
slow growth during the time they received the gossypol or raw cotton¬ 
seed. It always occurred in the region indicated by an arrow in 
figure 1. In some cases the dilated segment of intestine was 7 or 8 
times the normal size. Histological sections of the enlarged port on 
did not show any particular alteration. 

In most cases the strips of intestine from the animals fed gossypol 
lacked the ability to shorten, although in certain instances they dis¬ 
played some contractility. This observation is of some importance 
in this problem, for it seems to indicate that the musculature < f the 
intestine had been affected in some way. 

Although no kymograph records were made ot the circular muscle 
of the small intestine, it might be expected that this muscle would be 
affected in the same manner as the longitudinal muscle since histologi¬ 
cally it is the same type of muscle. The fact that segments of the 
intestines of the animals fed gossypol were dilated lends support to this 
view. 

The evidence indicates that gossypol has a definite effect on the 
neuromuscular system of the upper portion of the small intestine of 
the rat, as is shown by the lowered strength of contraction, dilation 
of that portion of the intestine, and lack of ability of the segments 
to shorten. 

It cannot definitely be stated whether the absen(*e of efleet on the 
lower portion is due to the fact that the gossy])ol has been digested 
and detoxified in the upper portion of the intestine and therefore 
does not have a chance to act on the lower portion, or whether 
gossypol acts specifically on certain portions of the tract. 

No explanation is off(3rcd for the peculiar rhythm noticed in a few 
of the intestines which were greatly dilated. This type of contraction 
was never observed in any part of the intestine except the dilated part. 

SUMMARY 

G ossypol fed to rats at a 0.3- to 0.4-percent level for 5 to 21 days 
caused a stimulation of the isolated longitudinal muscle of the small 
intestine in segments taken from 12 to 25 cm below- the pylorus. 

Gossypol fed to rats at a 0.2- to 0.3-percent level for periods greater 
than 3 weeks and up to 8 weeks caused a partial paralysis of the 
isolated longitudinal muscle of the small intestine in segments taken 
from 12 to 25 cm below the pylorus. 

In a limited number of rats in a state of chronic injury segments 
taken from 3 to 5 cm above the caecum were not markedly affected. 

Gossypol fed at levels that permitted little growth usually caused 
a dilation in the upper portion of the small intestine of the rat. 

LITERATURE CITED 

(1) Carbuth, F. E. 

1918. CONTRIBUTION TO THE CHEMISTRY OF GOSSYPOL, THE TOXIC PRIN¬ 
CIPLE OP COTTONSEED. Jour. Amer. Chem. Soc. 40: 647 663. 

(2) Clark, E. P. 

1927. STUDIES ON GOSSYPOL. I. THE PREPARATION, PURIFICATION, AND 
SOME OF THE PROPERTIES OF GOSSYPOL, THE TOXIC PRINCIPLE OF 
. COTTONSEED. JouF. Biol. Chem. 75: 725-739. 



June 1 ,1936 Effect oj Gossypol Upon Muscle off Small Intestine oj Rat 909 


(3) Edgerton, C. W., and Morris, H. 

1912. SOME STUDIES ON COTTONSEED MEAL POISONING. La. Agr. Expt. 
Sta. Bull. 134, 35 pp. 

(4) Gallup, W. D. 

1931. STUDIES ON THE TOXICITY OF OOS8YPOL. I. THE RESPONSE OF RATS 
TO GOS8YPOL ADMINISTRATION DURING AVITAMINOSIS. JoUF. 

Biol. Chem. 93: 381-405. 

(5) Macy, I. G., and Mendel, L. B. 

1920. COMPARATIVE STUDIES OF THE PHYSIOLOGICAL VALUE AND TOXICITY 
OF COTTONSEED AND SOME OF ITS PRODUCTS. JoUF. PliariliaCOl. 

and Expt. TIicf. 10: 345 390, illus. 

(0) -Outhouse, J. P. 

1924. FURTHER STUDIES ON COTTONSEED MEAL INJURY. AmCF. JoUF. 
Physiol. 69: 78-91, illus. 

(7) ScHWARTZE, E. W., and Alsberg, C. L. 

1924. RELATION BETWEEN THE TOXICITY OF COTTONSEED AND ITS GOSSYPOL 
CONTENT. JouF. AgF. RcscaFch 28: 173-189, illus. 

(8) -and Alsberg, C. L. 

1924. PHARMACOLOGY OF GOSSYPOL. JouF. AgF. RcscaFch 28: 191-198, 
illus. 

(9) Withers, W. A. 

1915. GOSSYPOL, THE TOXIC SUBSTANCE IN COTTONSEED MEAL. JoilF. 
AgF. Research 5: 201-288, illus. 


273—36- 




A STUDY OF THE PALATABILITY AND POSSIBLE 
TOXICITY OF 11 SPECIES OF CROTALARIA, ESPECIALLY 
OF C. SPECTABILIS ROTH ‘ 

By B. Bbckeu, dairy husbandman; W. M. Neal, associate in animal nutrition; 
P. T. Dix Ahnoli), assistant in dairy investigations^ and A. L. Shealy, animal 
hufibandmarij Department of Animal Husbandry, Florida Agricultural Experi¬ 
ment Station.^ 

INTRODUCTION 

Various species of the genus Crotalaria have been found to be 
adapted culturally to the lighter sandy soils of the Coastal Plain (5) ^ 
and are comparable in composition at early stages of growth with 
other legumes used in feeding livestock. Since within the genus, 
certain species perhaps have value as feeds for livestock, a joint study 
was undertaken by the I Tinted States Department of Agriculture and 
the Florida Agricultural Experijuent Station, to locate and investigate 
such promising species. An investigation was undertaken to com¬ 
pare, by means of grazing and feeding trials, the relative palatability 
of the gi-een forage, the artificially dried hays, and the silages made 
from several species. Tests were made in 1931, 1932, and 1933. 
Indications of the toxicity of one species -C. spectabilis Roth -to 
cattle were observed among the animals used, as was stated in a 
previous publication (7^ footnote^ />. 621). In December 1931 Thomas 
encountered field cases of toxicity of the seeds of this species to 
chickens, and studied more closely in the laboratory the reactions of 
chickens, turkeys, quail, and doves to these seeds (9). The toxic 
principle was isolated by Neal and Rusoff (6*), who described it and 
studied certain of its jiropfU'ties. Emmel, Sanders, and Henley (4) 
recently found ground seeds of C. -^pectabUlH to be toxic to swine. 

Four species of Crotalaria are known to be toxic to livestock. 
Symy^toms and lesions differ, indicating that the toxic principles are 
not the same in all species, Bessey and Stalker {2) showed C. sagi- 
tallls L. to cause ^‘Missouri River bottom disease’’, which resulted 
in death among horses. Seeds of C. juveea L., or sunn-hemp (1) 
were fed to a healthy mature sheep in amounts of one-fourth pound 
daily for 14 days, and one-half pound for 12 additional days. Weak¬ 
ness, a tucked-up appearance, and catarrh developed shortly after 
the fourteenth day. Death occurred on the twenty-sixth day. 
According to Burtt-Davy (/^), cattle fed C. bnrkeana Benth for 5 days 
became stiff in the joints, moved slowly, and were unable to stand 
ultimately. The hoofs lengthened and broke, and death resulted 
from starvation. 

• Received for publication Feb 11, 1935; issued July. 

2 This study is an outgrowth of a cooperative investigation of the feeding value of crotalarias conducted 
jointly by the Division of Forage Crops and Diseases, Bureau of Plant Industry, U. 8. Department of Agri¬ 
culture, and the Departments of Agronomy and Animal Husbandry, Florida Agricultural Exiieriment 
Station. Feeding trials were conducted by the Department of Animal Husbandry, with forages grown 
and provided by the Agronomy Department and by the Division of Forage (?rops and Diseases, U. S. 
Department of Agriculture. O. E. Ritchey was in charge locally for the Division of Forage Crops and 
DisoASOs* 

3 Refereni^e is made by number (italic) to Literature Cited, p. 922. 
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Theiler (<*?) fed as much as 46 pounds of C. dura Wood and Evans 
to horses in 23 days and observed symptoms of poisoning within 16 
to 80 days. The main symptoms and lesions included fever, acute 
polypnoea, and subsequent dyspnea, destruction of the respiratory 
epithelium, leading to a vicarious emphysema, granulation tissue, 
and degeneration of the bronchii. A bull fed 2 pounds daily died 
in 64 days, and an ox was killed in extremis on the ninety-eighth day. 
Symptoms included complete loss of appetite, diarrhea with dark- 
colored feces, progressive weakness, and ultimate loss of animation. 
Autopsy revealed cirrhosis of the liver, thickened central veins, and 
fibrillar bundles which formed a lace work in which blood collected. 

Crotalaria striata D. C. and C. incana L. have been indicated as 
possibly toxic to cattle, sheep, and goats in certain countries, but 
have not been observed to be injurious in the Ignited States. 

PLAN OF INVESTIGATION 

Nine species of Crotalaria were planted in adjacent rows in a 
fenced 2-acre field in 1931 and in 1932. From time to time during 
the grazing season, two head of cattle were transferred to this field 
for a brief tour, usually 14 days and the extent of grazing on the 
separate species was estimated daily bv two or more members of the 
staff. No supplementary feeds were allowed. Water was accessible. 
Also, some volunteer grasses and other plants, not killed by routine 
cultivation of the field, were grazed. 

Eight of the eleven species of Crotalariay as listed in table 1, were 
harvested, artificially dried as hay, and placed in adjacent compart¬ 
ments of an overhead rack in a small lot, where cattle were given 
free access to them. Observations were made daily by two or more 
staff members as to the order of preference and relative amounts of 
each species eaten by the cattle. These observations, as well as the 
growth habits of the plants, were used as a basis for selection of the 
most promising species for further study as a forage crop. During 
the course of these studies, indications of toxicity of one species were 
obtained upon the death of three experimental animals. An addi¬ 
tional controlled-feeding trial and careful laboratory analyses were 
made to prove the definite toxicity of the species C. spectabilis. 
Pertinent details relative to the toxicity of this species are outlined 
in this paper, 

OBSERVATIONS OF CATTLE 

Two cows were used in each tour on the crotalaria grazing plots in 
1931 and 1932, the several species employed being listed in table 1. 
Four cows and two pigs were employed in this manner during the 
first season. The pigs grazed none of the Crotalaria during the 15-day 
tour. During the last 4 days of the fourth tour (Sept. 25-28, 1931), 
when C, spectabilis was in the early bloom, two cows stripped a con¬ 
siderable number of green leaves from the plants, but ate none of the 
stems nor flowers. They were returned to the dairy herd at the end 
of the 2-week tour, as originally planned. No outward symptoms of 
ill effects were noted immediately, nor later, when again under daily 
observation on the hay trials. On the basis of these earlier observa¬ 
tions, none .of the plants under trial were suspected of being toxic. 
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Table 1 . —Species of the genus Crotalaria ^ used in palatability trials 


Species 


C anagyroidrn 11 H. K. . 

C {loreensis GuiU and Perr 

(' granlmna Harvey.. 

(’ rncana L.. 

(' mtermedia Kotschy-.. 
i' lanceolata E. Mey 
(' wajj/Zam Klotzsch 
C Mum L 
C ifpectatnlis Koth 

(' striata D _ 

(' usaravioeusis . 



1 X siKiiifles use of the plaid in (he manner indicated; XX siKUifles use of the plant twice. 


Three of the eows mentioned above, and 11 heifers, were used 
shortly afterward in 1 or more of a series of 8 palatability trials in wliich 
artificially dried hay was used. Crotalaria spectabilis hay was eaten 
l>y the cows in only one of the trials mentioned above, the amount 
being 12 pounds. No untoward effects were noted from this amount. 
It may be mentioned that the cows weighed between 900 and 1,000 
pounds, so that the intake per 1,000 pounds live weight was relatively 
small. In these palatability trials, C. spectabilis ranked at the bottom 
of a group of eight species of crotalaria hays. These observations 
ranged from 14 to 88 cow-days per individual animal on the grazing 
trials, and from 17 to 24 days per individual on the hay trials during 
the first year. 

These palatal)ility trials were repeated in the field and dry lot 
during 1932. Crotalaria spectabilis was rejected entirely by 5 dif¬ 
ferent cows allowed access to the pasture during one or another of 
5 tours. Three flersey cows were used in the hay-palatability 
trials with eight species of Crotalaria from October 21 to November 
16, 1932. These animals consistently left C, spectabilis in the rack 
as the last choice of the eight species. On November 16 three year¬ 
lings from the beef cattle herd replaced the cows in the dry lot, and 
at that time the latter animals were transferred to a maintenance 
trial on C, intermedia hay. Specific animals and the lengths of the 
tours on the several trials are outlined in detail in table 2. These 
summaries are compiled from the observations of cattle made daily 
by two or more station workers. 

Four of tlie cows were changed from Crotalaria intermedia hay to 
corn silage and Bermuda grass (mixed) pasture on March 2, 1933. 
Cow no. 352 was autopsied for definite examination in search of any 
indications of toxicity of the forages eaten. The cows exhibited no 
symptoms of toxicity, nor were any gross or histological lesions 
evident in the organs and tissues upon autopsy, which was conducted 
by Drs. E. F. Thomas and C. F. Ahmann of this station. The feed 
ol three of these cows had been limited strictly to (7. intermedia from 
November 17,1932, to March 1,1933, inclusive—a period of 105 days, 
and they had bad access to it previously, as noted in table 2. 
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Table 2. —Duration of feeding trials xirith cattle^ and animals used, during the 1932 
grazing season and the winter of 1932-33, the species of Crotalaria described in 
table 1 being used 


Feedings > given to animal * indicated 


Nature and duration of trial 


Palatabilit> of green forages: 

June IK to July 2 .. * 

July 2K to Aug. 13 _ 

Aug. 14 to Aug 27 
Oct. 4 to Ocl 20- . 

Palutabllll^ of dried hays 

Oct. 21 to Oct. 28 __ 

Oct 28 to Nov. 2 - -- - 
Nov . 2 to Nov. 7 
Nov. 7 to Nov 12- 
Nov.l2toNov 10- . - 

Maintenance trial w'lth C. intermedia: 
Nov. 17 to Dec 10..- . --. . 

Dec 17 to Jan 17_ 

Digestion trials with intermedia. 

Jan 18 to Feb. 11- 
Feb 12 to Mar 1 


No 1.51 

No. 228 

No 204 

No 296 

No 350 

No 3.52 

1 3 X 


3 X 

3 X 

3 X * 

_- 

•> X 


•' X 


— 

3 X 


3 X 



< X 

«X 


' X 



< X 

< X 


< X 



< X 

« X 


< X 



5 X 

‘ X 


3 X 



« X 

♦ X 

- - 

♦ X 



X 

X 


X 



X 

X 


X 


X 

« X 

* ■ X 


'* X 


- X 

’X 

'• X 

! 

' X 


“ X 


‘ X signifies feedings given on the dates rnentione*! 

* Dates of autopsies No 151, May 2, no 228, Mar 31, no 200, Mar 23, no 3.')(), \pr II, no 352, Mar 2 
3 No spectabtliH eaten 

* C spectabilis Toi&il last in relative palatability 

* No C’ spectahitiK hay offered 

^ Naturall.v cured C intermedia ha> 

^ Artificially cured ('. intermedia hav. 


No chronic symptoms had developed between the termination of 
the maintenance trials and the dates of autopsies of these animals. 
Indications of toxicity particularly sought in these cases included 
loss of appetite, dejection, blood in the feces, and nasal hemorrhage. 
Gross and histological examinations upon autopsy were made particu¬ 
larly upon the liver, heart, kidneys, mesenteric blood vessels, and the 
fatty tissues. The autoiisies were attended and tissues examined by 
four or more persons including the authors, Drs. K. F. Thomas, C. 
Ahmanii, and otliers of the experiment station and the United States 
Department of Agriculture staffs. No symptoms were observed, 
either acute or chronic, of toxicity of the species of Crotalaria eaten 
in these trials other tlian C. speciabilis. 

Three native yearling cattle—2 steers and 1 heifer—were used in 
continuing the test of the relative palatabilities of artificially cured 
crotalaria hays. Previous to this time, these animals had received 
carpet, centipede, and mixed native pasture grasses. The log of these 
palatability trials is given in table 3. 

Table ^.— Relative palatability of 8 species of artificially dried crotalaria hays, as 
indicated numerically according to order of preference and rate of consumption by 
3 yearling cattle in 1932 


Numerical palatability rating of indicated species of Crotalaria 


Duration of trial 


Nov. 16 to Nov. 23. 
Nov. 23 to Nov. 29. 
Nov. 29 to Dec. 5.. 
Dec. 6 to Dec. 12... 
Dec. 12 to Dec. 19.. 
Dec. 19 to Dec. 23.. 
Dec. 23 to Dec. 27.. 



Inter¬ 

media 

f 'sara- 
moensis 

Incana 

Oran- 

Uana 

Lance- 

olata. 

Anaffp- 

roides 

Striata 

Specta- 

bilm 


1 

2 

3 

4 

5 

6 

8 

7 


1 

2 

3 

4 

0 

7 

8 

5 


1 

2 

3 

4 

5 

8 

7 

•• 6 

— 

1 

2 

3 

6 

4 

S 

7 

5 


2 


3 

7 

4 

8 

6 

5 


1 


4 

6 

5 

7 

8 

3 


2 

‘J 

4 

8 

5 

6 

7 

3 
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Tlie last hay-palatability trial terminated on December 27, 1932. 
The 3 yearling cattle used in the last 7 trials died on January 7, 18, 
and 20, 1933, respectively. They showed almost total loss of appe¬ 
tite, lack of abdominal fill, no bloat, or lioven, blood in the feces, 
and two had nasal hemorrhage. Autopsy disclosed hemorrliage 
from blood vessels in the mesentery, heart, muscle coronary and body 
fat, and in the mucous layer and submucosa of the trachea; a mottled 
appearance of kidneys and liver; and hemorrhage in the nasal sinuses 
of two animals. 

Although Crotalari spectahilis had been withdrawn from the feeding 
rack on December 28, 1932, the second yearling steer showed intes¬ 
tinal hemorrhage, as evidenced by bloody feces on January J2, 1933, 
which in(Toased in severity on the 13th. The two animals surviving 
at this date became less animate; ate less of the crotalaria hays, and 
their feces were still darker on January 16. Nasal hemorrhage was 
apparent in the second steer on January 17. This animal was killed 
for autopsy on January 18, shortly prior to the approaching natural 
death. The yearling lieifer died on January 20. 

Th(^ autopsy findings, as summarized by Drs. E. F. Thomas, A. L. 
Shealy, and C. F. Ahmann, are as follows: 

Ilistori/.— Three cattle had been feeding on crotalaria hay. Tliey showed loss 
of appetite for several days. Bloody feces, and a tinge of blood from the left 
nostril (of the second steer) were evident. 

All mesenteric fat contained numerous jietechial hemorrhages. Anterior 
jiortion of the frontal sinu& showed ecchyrnotic areas; blood clots in ]K)sterior 
frontal sinus. A few' worms were embedded in w'all of esophagus (not identified). 
Fa tensive hemorrhages along the mucous membrane and submucosa of the 
trachea. 

Endocarditis; myo(;arditis, and epicarditis (especially along the interventric¬ 
ular groove). Pericardium showed numerous petechial hemorrhages. Liver 
fiiiidy motth'd with red. Gall bladder showed numerous petechial hemorrhages. 
Spleen probably enlarg(‘d slightly. Wall of abomasum showed the mucous 
membrane edematous. Mucous membrane of the small intestines appeared 
normal. 

Submucosa of small intestine showed ecchymosis and petechial hemt)rrhage. 

Large inteshfic .—No liemorrhage of mucous membrane, but an abundance of 
blood clotted in the lumen. Fecal matter w'as firm; some hard. Urinary bladder 
show'ed a hemorrhagic area. The brain was congested, with gelatinous material 
in the sulci (grooves). Lymph glands show’ed very little congestion. All body 
fat was very yellow’, and show’cd petechial hemorrhages throughout. 

Tissue from the liver, kidney, and spleen w^as fixed for examination. 

Typical lesions of Crotalarixi spectahilis poisoning may be seen in 
tlie left view of the heart (fig. 1), liver (fig. 2), gall bladder (fig. 3), inner 
surface of the trachea (fig. 4) and mesentery (fig. 5) of the yearling 
steer which was killed just prior to natural death. These photographs 
show the hemorrhages resulting from leakage of blood from the vessel 
walls. The lesions compare closely with those produced in chickens 
by Thomas, Neal, and Ahmann (iO), using O. spectahilis seeds, and 
also the alkaloid extracted from the seeds, leaves, and stems of this 
plant. 

AUTOPSY OF THIRD CASE 

The third yearling (heifer) died January 20, 1933, probably about 
10 hours prior to autopsy. She had been off feed for 13 days, and had 
passed considerable blood with the feces during the last 2 days. 

The mesenteric fat show^ed little hemorrhage. Petechial and 
ecchyrnotic liemorrhages were present in the subrnuODsa of the 
intentines. The lungs apparently were normal. There was a severe 
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hemorrhagic condition of the heart muscle. The liver showed a few 
hemorrhagic areas. The gall bladder had several ecchymotic areas, 
and there also were numerous ones in the spleen. The urinary bladder 
appeared normal. The lumen of the large intestine contained blood 
and blood clots. The pericardium showed numerous petechial 
hemorrhages. Amber fluid was present in the pericardial sac. 
Numerous subcutaneous petechial hemorrhages also were present. 

It is to be noted particularly that none of the cows that refiLsed to 
eat Crotalaria spectabilis in the grazing-palatability trials, or in the 



Figure 1 —Left view of heart, taken from a yearling steer allected with chronic Crotalaria spectabtlis 
poisoning, showing petechial hemorrhages in the coronary fat and the outer walls of the auricles and 
ventricles The hemorrhagic condition is more general in the ventricular walls adjacent to the left 
interventricular groove and toward the apex. 

trials with artificially cured hays, showed any indications of Crota¬ 
laria poisoning, either in life, or upon autopsy. However, the three 
yearlings that changed their order of preference of these species, and 
consumed 98 pounds of C. spectabilis hay between November 16 
and December 28, 1932, died of Crotalaria poisoning between January 
7 and 20, 1933. Since they also had access to other feeds, and since 
there could still be a question as to C, spectabilis specifically, a supply 
of the artificially dried hay was preserved pending availability of a 
suitable anixnal for an exact trial. 
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SPECIFIC TEST OF CROTALARIA SPECTABILIS 

E -53, a dun and white native steer just under 8 months of age 
and weighing 300 pounds, was supplied from the native herd at the 
experiment station. This animal had suckled its dam from birth, 
and had been on mowed-grass pastures during its lifetime. It had 
not had access to Orotalaria spectabUis previously, insofar as is known. 
The animal was healthy and extremely vigorous. 



Figure 2.—Liver of a yearliup steer affected with chronic Orotalaria spectabUis poisoning, showing the 
surface finely mottled with red as the result of hemorrhage. 


Artificially dried Orotalaria spectabUis hay prepared in 1932, was 
offered to ttiis calf, which refused to eat it. The chopped hay was 
mixed with other feeds, which it still refused to eat. Water was 
available in the dry lot at all times. A stomach tube was passed, 
weighed quantities'of ground O. spectabUis hay were suspended in 
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water, and the animal drenched therewith, llie record of these 
feedings of C, spectabilis hay was as follows: 


1933 Poundx 

Dec. 12__. _ ____ _ -- 0. 6 

Dec. 13._-__ _ _ . . 4. 0 

Dec. 14_ _ _ - — _ ___ _3. 5 

Dec. 15_ _ _ --- - _1. 5 

Total_ _ _ _ - - - - 9. 5 


Blood was present in the feces the morning of Dece^nber 14 and 
the animal died about 4:30 p. m. the next day. 



Fiqukk 3.~Oall bladder Iroin a yearling steer altected with chronic Crc^alana upectabUa poisoning, show¬ 
ing numerous petechial hemorrhages. The bile appeared normal in color and consistency. 


E~53 was photographed a few minutes prior to death (fig. 0). 
Death occurred quietly, the animal lying on its side, the only struggle 
being a slight paddling of the feet. The autopsy was made on the 
warm body before the onset of rigor mortis. 

The blood had not clotted, nor did it clot readily upon the severing 
of the jugular vein. The subcutaneous blood vessels, those in the 
adipose tissue and along the small intestines, were enlarged. The 
thymus and spleen appeared normal. A slight amount of straw- 
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colored fluid had accumulated in the peritoneal cavity. Urine in 
the partly tilled bladder was of a normal pale-amber yellow color. 

Petechial hemorrhages were present in the mesentery, on the 
caecum, and in the gall-bladder wall. Mesenteric lymph glands were 
enlarged. The lumen of the lower small intestine, all of the large 
intestines, and rectum contained the bloody material mentioned 
previously as appearing in the feces. No hemorrhages were apparent 
on the stomach compartments nor in the lungs. The kidneys were 



Fiu r RE 4 I liner surface of the trachea of a yearling steer allected w ith chronic Crotalana spectabilts poison¬ 
ing, showing extensive hemorrhages along the mucoUvS membrane and submucosa of the trachea. The 
trachea was opened along the ventral surface. 

darker, with a slight turkey-egg mottling. The liver also was a 
dark red-blue color, and quite friable. The gall bladder wall was 
thickened and spongy in texture. The bile appeared normal in 
color and consistency. 

The heart showed petechial hemorrhages in the coronary fat, on 
the auricles and along the interventricular groove. Parts of the inner 
wall of the heart, the papillary muscles and some of the chordae 
tendineae showed marked hemorrhages, as seen in figure 7, 






920 


Journal of Agricultural Research 


Vol. 50, no. 11 


The case of E-53 is considered acute, whereas those of the three 
animals dying previously were chronic. 



i«lGUK£ 5- Mesentery and intestines of a yearling .steer affected with chronic Crotalann xpectiiMlis poi.son- 
ing, showing numerous petechial hemorrhages in the mesenteric fat, on the outer surface of tlie small 
intestine.s and the ape\ of the caecum. The submucosa of the small intestines showed ecchymoses and 
petechial hemorrhages. There was an accumulation of clotted blood within the lumen of the large 
Intestines 



Figure 6 .—An 8>montb<old steer photographed less than half an hour before dying from acute Crotalaria 
epectabilU poisoning. Jxiss of appetite and lack of animation were evident in the acute and chronic cases 
alike. Dried blood from a nasal hemorrhage is visible below the right nostril. The hair is harsh and 
unkempt. 

TRIALS WITH SILAGE 

In 1932 four species of Crotalaria^ including (7. spectabilis, were 
ensiled in 1-tQn laboratory silos (7) for use in companng the relative 
palatability of these species. (7. intermedia was first choice of the 
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cattle, and was eaten liberally. The C, spectabilis ranked third in 
order of preference by the cattle. The latter silage had a dark color, 
and animals eating it voided dark-colored feces. These silages were 
offered to 30 cattle over a 16-day period. No irregularities were ob¬ 
served with these cattle other than the temporary discoloration of the 
feces. 



Fun 'RE 7 -IniiGr walls of the heart of a 300-pound steer that died of acute Crotalaria spectabtlis poisoning. 
There are extensive hemorrhagic ureas on the inner lining of the ventricles, the hemorrhages extending 
deeply into t he heart muscle I'he paiallary muscles and a few of the chordae tendineae also show hemor¬ 
rhages. 


Two yialatability studies conducted in 1933 dealt with six species of 
(''rotalaria as silage. These were of 11 days' duration each, and in¬ 
volved 51 cattle. As noted in table 1, no C. spectabilis was offered 
at this time, nor were indications of toxicity observed in the cattle 
during, or after, eating these species of Crotalarm as silage. 

Twenty-five tons ol Crotalaria intermedia were ensiled in a com¬ 
mercial silo, and fed to dairy cows in a 90 days’ double-reversal feed¬ 
ing trial, and to four steers over periods of 59 and 31)^ days in a study 
of coefRcients of digestibility. No indications of either acute or 
chronic toxic influences were observed in any of the cattle used in 
investigations on the C. intermedia silage. 

SUMMARY 

Grazing and feeding trials indicate that at least 8 out of 10 intro¬ 
duced species of Crotalaria are probably not toxic to cattle. (7. 
retusa was not grazed. C, spectabilis is definitely toxic to cattle. 

One acute and three chronic cases of Crotalaria spectabilis poisoning 
•in cattle are discussed, with symptoms and lesions as noted. <7. 
spectabilis Roth is added to the list of species of this genus definitely 
proved toxic to domestic animals. 
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CLASSIFICATION OF CHICK-EMBRYO POSITIONS AT 
DIFFERENT AGES AND MALPOSITION AS A CAUSE 
OF MORTALITY ^ 


By W. Franklin Dove 

IMologistf Maine Agricultural Experiment Station 

INTRODUCTION 

Growth of the chicken embryo is accompanied by gradual changes 
in position in accordance with the necessity of breaking through the 
slioll and shell membranes at hatching time. Failure to secure a 
correct position with the beak near the air cell, the egg tooth directed 
toward the shell, the pipping muscle free to function, and the feet in 
a position for body rotation, may either hinder or prevent escape. 
As a consequence the ineffective position would appear to constitute 
a mechanical lethal factor, and malposition would be considered a 
cause of death. 

A direct causal relationship between malposition and embryonic 
mortality has been considered by vSanctuary (^),^ Hutt (3), Hutt and 
Cavers (4), and others. Hutt and Pilkey (5) have obseived mal¬ 
positions in more than 50 percent of the ^Mead in shelP^ embryos. 
They state that malposition is ^‘largely responsible for the peak of 
mortality occurring during the last 3 days of incubation. 

Nevertheless, tlie causal relationship that is supposed to exist be¬ 
tween position and death has been defined only in part. Byerly and 
01s('n {1 y2) have shown that both gravity and air hunger effect changes 
in some of the positions of the embryo. Hutt and Pilkey (5) consider 
position of the egg during incubation and orientation of the primitive 
streak imjxirtant factors in eflecting malposition. But these mal- 
conditions are not commonly met when proper methods of incubation 
are followed. Position I as indicated by Sanctuary {6)j with the head 
bet ween the kgs, may be produced artificially by inverted incubation 
through the effects of gravity and of air hunger. That does not fur¬ 
nish an explanation for the cause of its occurrence under nonexperi- 
mental conditions with proper methods of incubation applied. 

Fui’thermore, all six malpositions so far reported (table 1) have beeii 
recorded from the dead-in-shell. A classification of the various 
])ositions taken by normal embryos, that is, the positions that do not 
interfere with liatching, 1ms never been recorded, as far as the writer 
is aware. Yet, before a causal relationship can be considered as 
existing between embiyo position and embryo mortality, i. e., before 
a position can be termed malposition in the sense that it hinders or 
preidudes hatching, a knowledge of the relative occurrence of positions 
taken by normal (‘hicks is essential. 

i Rereivod for publication Feb 14, 193.'); issued July 193.*) 

* Referenw is made by number (italic) to liiterature (’'ited, p. 931. 
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Position no.— 

Described by— 

1 

Sanctuary, 1926.. . 


{ do_ _ 

II. 

1 T?ARtifniir 17A1 

HI. 

jrvcmiixxL&i f 

Sanctuary, 1925__ 

IV. 

Hutt, 1929... 

V . 

Smith, 1930.. .. 

vi:: 

Hutt and Cavers, 1931... 




Description 


Head between the thighs. 

[Head in small end. 

Head to left instead of under right wing 
Head normal, but embryo rotated so that the 
beak is buried away from the air cell. 

Feet over head. 

Beak over right wing or over and under wing 


1 Hutt and Pilkey (6, p 4). 


METHODS AND PROCEDURE 

In connection with a study of the causes of embryonic death insti¬ 
gated by the writer at the Maine Agricultural Experiment Station in 
1927, a systematic mortality code has been developed to record 
teratas and defects of embryos or of embryonic tissues which might 
in any way give a clue to the causes of death. At the same time, 
as supplementary information on the cause of death, data have been 
accumulated on the positions of the embryos. 

Early in the work it became evident that malposition is not in 
itself always a cause of death, (1) because position was found to vary 
with age (the position of a 15-day-old embryo retained by an embryo 
21 days old indicated, among other possibilities, a retarded develop¬ 
ment), and (2) because there appeared a large number (upward to 12 
percent) of obviously defective embryos. These defective embryos 
were in characteristic abnormal positions, but their failure to hatch 
was a result of abnormal development and not of malposition. In 
fact, defective embryos occurring most frequently (termed A3) were 
characterized by nanism and torticollis with the head twisted sideways 
or even backwards. The failure to emerge was not the result of an 
awkward position, since the embryos usually had failed to assimilate 
all of the albumen, were lethargic, and lacked directive movement. 
Granted that their positions were not advantageous to emergence, it 
would have been impossible in any case for such individuals to hatch. 

If the position of the embryo is to be used as a means of determining 
the causes of failure to hatch, it is necessary to determine first the 
cause of each position type, i. e., whether or not it actually prevents 
the act of pipping the shell or is an earmark of a more deeply-seated 
physiological defect. 

As an approach to this phase of the subject a classification was made 
of the orderly changes in position of embryos with age. The purpose 
was threefold: (1) To obtain a position type for each age, (2) to obtain 
information on the variability of positions so that malposition may be 
more clearly defined, and (3) to observe the process ana possible causes 
for the different position types. This paper indicates the order of 
changes in position of embryo from the fifteenth day of incubation to 
the twenty-first, and presents a systematic chart of those changes 
together with the variations in position that an embryo may take 
whether normal or abnormal. The chart links all six positions pre¬ 
viously recorded by other workers with the new positions found by the 
writer and includes a prediction of positions to be found by following 
through the mirror image of the positions so far discovered. 
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SYSTEMATIC CLASSIFICATION OF POSITION TYPES 

r 

A systematic classification of embryo position which' covers all 
possibilities is sojiietimes difficult to accomplish, since unsuspected 
I)osition types appear in new sources of material. Consequently a 
flexible classification was made that could be expanded if necessary. 

The code is based upon a division of positions into independent 
events, the occurrence of any one of which does not occlude the occur¬ 
rence of any other, and the subdivision of each independent event 
into mutually exclusive events, only one of which may occur in any 
ejiibryo. 

The four independent j^roupings are as follows: 

A. Position of the air cell in respect to the egg. 

ii. Orieiitation of the embryo as a whole within the egg. 

C. Position of the head, beak, and neck in relation to the body. 

I). Position of the beak in relation to the air cell. 

The subdivisions of each independent group into mutually exclusive 
events or positions are listed in table 2. 

Fioni the foregoing classification it is possible to describe with 
exactitude the position of any embryo from 15 to 21 days of age. 
Thus the normally orientated embryo is described as 1 -a-fi a: 

1 . Air (*(*11 in base of egg (large end). 

а. hanbryo with head in large end of egg. 

б . Head turned to right side, with beak under right wing. 

а. Beak near air celt. 

There are a few unclassified conditions that may interfere with 
hatching. These are listed under abnormal feet positions and in¬ 
clude the following: 

1. Agrippa, feet first. 

2 . Legs crossed. 

3. Feet tit*d by membranes or by the \olk stalk. 

4. Membranes tied about the body or neck. 

5. Hernia due to kicking. 

б . Broken \olk sac due to kicking. 

The foregoing accidental defects have been placed under a separate 
classification. 


273—36-5 



Table 2 .—Code for the classification of chick-embryo positions, including a code for the orientation of the embryo in respect to the egg axis and 

[he air cell, based on four independent events 
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NORMAL CHANGE IN POSITION OF THE EMBRYO WITH AGE 

During the season of 1931 observations were made on the normal 
change in position taken by the embryo as it advances in age from a 
small floating primitive streak to a hatching chick tightly packed in 
the sliell. Positions were classified according to tlie sclieme presented 
in table 2. For the efl'ect of ag^e, consideration was given only to 
head, wing, and neck positions with all other factors constant. The 
position fre(iuencies for each age, from 15 to 21 days of age, are 
sliown in table 3. 


Table 3. —Changes in head position of chick embryos with incubation age and 
frequency of the imrious head positions 


Inciituifion fige (days) 

Head l>©- 
tween legs. 

Heatl across 
breast, 
4-5 » 

Wry neck, 
12-17 1 

1 

Normal, 
6-8-10 1 

r. . - . - _ 

K. . - -- - _ 

J7- - .. 

IH . _ - _ . 

JtL.. _ . . 

20 .... - . . 

*17 , 3 

* 50 ; 15 

83 j ? 100 

33 . * 5S 

4 1 2 

4 _ 

4 

13 

0 

2 

i 

4 

3 12 
* 14 


1 (\Mle mini hers refer to tfie enihrv o poMtions described m column C m table 2 
- -- modal class. 


The results sliow that head positions 1, 2, and 3 predominate in 
embryos from 15 to 10 days of age, that head positions 4 and 5 pre- 



Fjm’kk 1 ('odifleation of head positions of 21-day-old chick embryos 0, Extreme form of 1, 2, 3, J, 2, 3, 
similar to 15- and Itt-dny-old, 4, 5, similar to 17- and IH-day-old; 6. typical hatching position, 8, 10, varia¬ 
tions of position 0, 7, 9, 11, reverse of positions 6, 8, 10; 12, 13, 14, defective. 

dominate in embryos from 17 to 18 days of age, and that head posi¬ 
tions 0, 8, and 10 are the most common for embryos 19 days old and 
over. 
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Tn other words, the head position is at first (at 15 days of age) 
straight down between the thighs nearly to the tail. The tipping 
of the beak to the right or to the left apparently indicates the direc¬ 
tion the beak will take even before the head is raised to the side of 
the body. At 17 days the head is drawn up over the breast where 
it turns either to the right or to the left according to its normal 
tendency. At 18 days the head lies across the breast. 


Table 4. —Frequency distrihulion of embryo positions 



Hatch- 
able ^ 
ali\e, 
1931 

Pipped, 

21 days 
old, 
dea<i, 
1931-32 

IS to 20 
tUiys 

2f) j 21 f-pipped 
dead, 1932 

Code 1 

dead. 

old, 



1031-32 

dead, 

1931 

Male 

1 

Female 

jiir cell 





i 


1_ _ 

21S 

3.49 

912 1 KSK 

3<5 

423 

2_ 

_ 

1 

2 

. 

1 ' 


3 _ 

. .. 

1 

9 

1 

1 ; 


body 

. 







212 

335 

SOI 

151 

342 

393 

b ... 

(1 

7 

44 

15 

2'3 

33 

V 


1 

14 

3 

l» 

2 

d--. 

V 

- - 

1 

4 

1 


1 

head position 







0. _ ... 



1 


1 1 


1.. i 

j 


IS 

7 

4 

10 

2. ! 

i 

2 

00 

12 

14 ! 

17 

3 ' 

.i 


12 

14 

IS 

13 

4... 


1 9 

79 

lf> 

34 

47 

5. 


1 I 

40 

7 

10 , 

15 ' 

f) . . 

125 

1 217 

21H 

53 

143 

111 1 

7 .. . __ 



104 

12 

31 

34 1 

S. 1 

27 

' ' 0.4 

27 

1 

23 

29 1 

9.- 



2 



4 1 

10. ., 

titi , 

51 

192 

32 

f)4 , 

75 i 

11., .... _ . 


- _ 

4 


.... 

1 




111 1 

1 ‘ 13'' 


37 ! 



*1 

22 1 

1 3 ' 

17 1 

4 

14 .. . 

15, 

15 

17. - .... 

, beok to air cell 



1 

’ ” 1 

1 

1 - ! 

i 

1 

1 

i 

1 ' 

i 

1 

1 

a _ 

212 

42K 

518 

Of) 1 

230 , 

2f53 1 

b.. 

6 

30 

444 

73 1 

150 1 

lor* 1 

_ , 

___ 

1 


' 


1 


J Coded acoordinp: to description in table 2 under culuinns A, H, C, 1), 

2 From examination of chicks as they hatched. A few might have died as “pijiixid ” 


Abnor¬ 
mal 21 
du.\s 
old. 
I'KU :V2 


l.'T 

1 


HI 

s 

t 

4 




1J 

I 

11 

1 

1.1 


■I 

11 

W. 

1 


1 

44 

iin 


Head positions 4 and 5 of the 18-day-old embryos are in critical 
stages, since they are the axes about which and on which the final 
position of the hatching chick depends. An embryo at 18 days of 
age with its head across the breast (4) with tip of beak pointed to 
the right has an alternative of five different positions on the nine¬ 
teenth day, i. e., either to slip backwards to the left and form the 
position 13 or 15 (the wry-neck class) or to slip to the right and form 
the so-termed ‘^normal position(6), with beak protruding under the 
right wing, or one of the variants (8) or (10). 

Should the beak be pointed toward the left, the opposite directions 
would be taken with five different positions among the left possi¬ 
bilities (mirror images of the right sides). In some wry-neck emoryos 
(torticollis) the head continues to move backward along either side 
(positions 14 and 15). Another class of wry-neck embryos (retro- 
rcollis) appears with the head thrown straight back (positions 16 and 
17). Torticollis also appears in embryos 14 days old or younger, 
apparently without going through this serial change in position. 
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Table 2 is made to conform with the logical changes in head 
position taken by the embryo as it develops from the fifteenth day. 
In figure 1 are shown all of the head positions found in 21-day-old 
embryos. Attention must be called to the fact that among these 
mature embryos will be found head positions 1, 2, and 8, which 
are typical for the lo- and l6-day-old embryos. As 21-day-old 
embryos they arc in retarded positions. In the same way head 
positions 4 and f) indicate a i)artial retardation since they are typical 
for embryos of 17 and 18 days of age. Head positions 12, 13, and 
14, on the other hand, are the positions taken by defective embryos. 
Head positions 15, 15, and 17 have been found in defective embiyos 
which died before the twentieth day of incubation. In table 4 the 
frecjuency distribution of embryo position is listed for each inde¬ 
pendent event, and again for each mutually exclusive head position 
as taken by various ty])es of embryos: By "normal hatchable chicks, 
by those that pipijcd and died in the shell, by those that died at 
from 18 to 21 days of age, in certain cases by males contrasted 
with females, and by those abnormal at 21 days of age. 

POSITION OF ABNORMAL EMBRYOS 

Abnormal embr^'os, like the A8 previously mentioned, together 
with extreme examples of chondrodrystrophic embryos, are listed as 
to ])osition under the term abnormal in table 4. As a group they do 
not differ significantly from other types of embryos in regard to air 
cell or body p(»sition. But in head position they are most frecpiently 
(4assified as j)artially retarded (head position 4) or as wry-neck (head 
positions 12 and 18). They also have a general disregard for the air 
cell since in over 70 percent of the cases the beak is not near tlie air 
(’ell. This figure is in distinct contrast to the percentage of hatchable 
chicks and pipped chicks which failed to find the air cell, i. e., 8 and 
7 percent respectively. 

DETERMINATION OF THE CAUSE OF FAILURE TO HATCH FROM 
THE POSITION OF THE EMBRYO 

(Vmtrary to the statements cited that “malposition is one of the 
primary causes of embryo mortality'’ tlie results of this analysis show 
that a large portion of the embryos that fail to hatch are in positions 
wliich can be considered as the secondary effect of some more funda¬ 
mental defect. The correlation assumed to exist between these 
positions and mortality is therefore, at times, spurious. As an ex¬ 
ample of the fallacy post hoc ergo propter hoc, it may be likened 
to the inference that since rabbits poisoned in their burrows by 
strychnine are found in strained and peculiar positions, they must 
have failed to escape from their warren and from death because of 
these eclamptic positions. In a similar manner the fundamental 
causes of the defective condition in an embryo, whether they be from 
tlie effects of inbreeding, of faulty nutrition, or of careless incubation 
methods, will interfere wdth the normal sequence of body shiftings 
and as a consequence, will leave the embryo in a retarded or 
strained position when death occurs. 

Malposition I of Sanctuary { 6 ), which is coded here as head posi¬ 
tions 1, 2, and 3, together with the extreme form, malposition V of 
Smith (7), (coded here as head position O) may now be used to indicate 
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three possible causes of death: (1) Air hunger when the air cell is 
misplaced, (2) gravity when the egg is incubated upside down, and 
(3) factors delaying development previous to the fifteenth day of 
incubation. Likewise head positions 4 and 5 appear to be due to the 
same causes to a lesser degree. 

The tliird cause of death, i. e., that which manihvsts itself by 
delayed development, has not heretofore been considered a factor 
in causing mal])osition. It is ob\dous from table 3 and table 4 that 
delayed development in whatever form it may occur is a jiheriomcnon 
associated with embryonic mortality. 

Attempts to bring about a normal position in such embryos are 
wasted. A slight degree of debility will cause an embryo to vacillate 
in taking a normal position regardless of the artificial a-tt(^mpts to 
turn the egg and force it into a more appropriate orientation. At¬ 
tempts to force such ma.li>osed embryos by egg turning will result 
only in another type of malposition. 

Thus when llutt and Pilkey ( 5 ) found that tilting the eggs during 
incubation produced an increase of 2.10 ])ercent in positions 1, III, 
and VJ, they found that horizontal incubation resulted in an increase 
of 2.73 percent in positions 11 and IV. Their attempts to combine 
the advantages of both methods of turning should proA^e futile if we 
look upon these malpositions as a form of general debility. In such 
a case the correcting factor might be found in feeding to increase 
vigor of the embryo rather than in methods of turning th(' eggs during 
incubation. These slightly retarded embryos, together with the 
obviously defective embryos, constitute a large portion of the dead 
in shell. I'heir ])ositions may suggest some of the causes for death, 
but the positions do not as such form barriers for their emergence. 

Alalposition VI of Hiitt and (havers (4), which is (*oded here as 
head positions 8 and 10, occurs in 21-day-old embryos failing to 
hatch in approximately 42 percent of the cases. But the same 
positions are found to occur among hatch able chicks with the same 
frequency, i. e., 42 percent (table 4). Conse(|uently these 2 head 
positions appear to be variations of the more tyjncal normal head 
position 6 and should therefore not be termed malpositions. 

SUMMARY AND CONCLUSIONS 

A systematic classification of the positions taken by normal hatch- 
able chick embryos and by the dead-in-shell shows that position as 
such is not always, and may only occasionally be, the real cause for 
failure to hatch. Position VI of Hutt and Cavers (4) has been found 
to occur in hatchable chicks with a frequency eciiial to that found 
in dead-in-shell chicks; it cannot therefore be termed a malposition. 
Position III of Sanctuary (6') and position V of Smith (7) have been 
shown to be due to a delayed development taking effect prior to the 
fifteenth day of incubation. Defective embryos in new positions 
have been associated with nutrition of the dam. Thus the correla¬ 
tion between position and embryo mortality is in part spurious. 
Postdiction of causes for failure to hatch from position of the embryo 
become apparent only after the conditions are resolved into more 
fundamental causes, i. e., effects of breeding, of feeding, and of 
incubation m,ethods, many of which bring about a retardation in 
the normal shift in position as a secondary after-effect of the true 
lethal factor. 
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A position code is presented for the classification of embryos. 
It is based upon a combination of independent and mutually exclusive 
events so that the position of any embryo may be easily described 
by means of a four-letter code. 
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PHYSIOLOGICAL STUDIES OF SEVERAL PATHOGENIC 
BACTERIA THAT INDUCE CELL STIMULATION IN 
PLANTS ‘ 

By J. A. PlNCKARD 2 

Formerly assistant in plant pathology, Wisconsin Agricultural Experiment Station 

INTRODUCTION 

The nature of the stimuli responsible for atypical and pathological 
growth of living cells is of extensive biological interest. A group of 
closely related diseases caused by bacteria which induce such growths 
in higher plants seejiis to offer favorable jnaterial for studios in this 
field. Of these diseases, crown gall has received the most attention. 
It was first studied intensively by E. F. Smith and his associates, who 
considered it to be similar in many respects to certain types of sarcomata 
and who referred to it as plant cancer. Riker and Berge (15) * have 
made a critical review of the literature on crown gall and have pointed 
out certain advantages offered by plant material for fundamental 
studies on the nature and cause of such growths. They have suggested 
methods of testing the hypotheses put forward by workers investigat¬ 
ing the cause and nature of stimuli concerned with atypical and path- 
ologi(*al growths. The present paper, an abstract of which has 
already been published (ii), and which reports the results of a unit 
ill a larger Wisconsin project, is concerned with various aspects of 
the comparative physiology of a group of cell-stimulating plant 
pathogens. 

The plant pathogens examined in this study were, for the most part, 
well known. They were Phj/tomonas tumeJacieriH (Smith and Town.) 
Bergey et al., which causes crown gall of plants; P, beticola (Smith, 
Brown, and Town.) Bergey et al., the causal agent of bacterial pocket 
rot of sugar beets which is designated as beet gall in this paper; P, 
mvaManoi (E. F. Smith) Bergey et al., var. nerii C. (). Smith, which 
causes oleander tubercle or gall; P. savastanoi (Ph F. Smith) Bergey 
et al., the causal agent of olive knot; and raspberry cane gall, an 
unnamed bacterium producing overgrowths on the canes of black 
raspberry plants. 

The diseases caused by these pathogens are characterized by large 
overgrowths composed of hypertrophic and hyperplastic tissues often 
containing disorganized vascular elements and sometimes conspicuous 
pockets of necrotic tissue. Elcock {6) elaborated on the intercellular 

> Received for publication Mar 8, 1935, issued July 1935. ^ * .u- i. 
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position of the bacteria in galls of sugar beets earlier mentioned by 
E. F. Smith et al. (^0)- Similarly, C. O. Smith (lS)j working on 
oleander tubercle, found the same bacterial position in connection 
with this disease. E. F. Smith (/.9) had studied the olive knot disease 
and found the bacteria in the intercellular spaces of the host, together 
with abnormal tissue development and bacterial cavities. Recent 
unpublished work by W. M. Banfield on the raspberry cane gall 
disease showed this malady to be closely related to the others with 
respect to cellular stimulation of the host and the position of the 
bacteria in the intercellular spaces. Since the bacteria causing crown 
gall {12 j 13j 10) were found primarily in the intercellular spaces of the 
host, it appeared that this disease was correspondingly similar to 
the others and that one of the chief differences, the formation of 
necrotic pockets, was mostly one of degree. 

After a consideration of these morphological similarities of the 
host-parasite relations, and of the pathogenicity of the various cul¬ 
tures, a comparative study of certain physiologicail charactei’istics of 
the causal organisms was undertaken. 

IDENTIFICATION OF CULTURES EMPLOYED 

The cultures of bacteria employed in this study were obtained 
through the courtesy of several investigators as follows: (1) The crown 
gall organism, Phytornoriafi UtmefavieiiH^ came from A. d. Riker. its 
earlier history {14) was given under the designation A-1. (2) The 

cane gall organism was secured from Banfield (t?) who isolated it from 
a gall on a black raspberry stem grown in northern Indiana. So far 
as the writer is aware, this organism has not been named, (d) The 
beet gall organism, F. heticolay was obtained from A. J. Quirk. This 
culture was a ^‘rough type^^ as described by Brown {4). (4) Tlio 

oleander organism, P. savastanoi var. r/crn, was secured from diseased 
material collected in California by C. O. Smith. (5) The olive knot 
organism, P. savastanoiy was obtained from diseased material collected 
in California, by the H. J. Heinz Corporation. 

Isolations from the diseased materials were made in the usual way, 
and the pathogenicity of all of the cultures established before further 
purification was undertaken. The details of this work are omitted 
because of their volume. 

Single-cell cultures were made according to the methods of Wright 
et al. {23)y with slight modifications suggested by A. A. Hendri(*.kson. 
Yeast-extra-ct-manitol-mineral-salts liquid medium (described later) 
was used. The parent cultures were incubated 18 to 20 hours at 
24° C. before isolations were attempted. Microdrops from this 
culture were made beside large drops of sterile media on sterile 
cover slips until an individual cell appeared. If more than one cell 
was placed in the microdrop, the cover slip was discarded. The 
microdrop was incubated for 24 to 48 hours before it was mixed 
with the adjacent large drop. 

The pathogenicity of the. single-cell cultures was determined 
through a series of inoculations on suitable hosts. The details of 
this work also are omitted because of their volume. 

CROSS INOCULATIONS 

Cross inoculations were made with these cultures to determine 
their pathogenicity in the plants used. The ability of each organism 
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to parasitize the hosts listed in table I was tested (1) with cultures 
from pourod-plate isolations, (2) with progenies of single-cell cultures, 
and (3) with bits of gall tissue from each host. Smce the results 
with these different methods were similar, they are considered 
together. The inoculations were made and repeated during the 
winters of 3 consecutive years on plants grown in the greenhouse at 
approximately 24° C. Only vigorously growing organisms and plant 
materials were used. The incubation period ranged from a mini¬ 
mum of 5 days for the beet gall organism on garden beets to a maxi¬ 
mum of 20 days for the olive knot organism on olives. Failure to 
produce infection on a suitable host under the above-described 
conditions was rarely encountered even with organisms kept over 
3 years in culture. 


Table of inoculations with various gall-forming bacteria on, several 

plants 


(’rown paM - 
Cum* pall- 

Sect pall_ 

Ohiander pall. 
oiivoknot 




Pathogonieity > on - 


with which moculatioiKs 






were made 

Bonny 

Cumber¬ 

Detroit 

Pink and 

Manzanillo 

olive 


Best, 

land black 

dark rod 

white 


tomato 

raspberry 

beet 

oleander 


+ 

- 1 - ! 

+ j 

-f- 

4- 

.. . . 

0 

'f 

0 

0 

0 

. 

0 

0 

1 - 

0 

0 

.... 

0 

0 

0 

-f* 

4- 

. 

0 

0 


^0 

4- 


> Po'^itive results indicated by +, negative rebults by 0 During the course of this work over 100 inocula> 
tioiis with the organism on its proper host and over 20 inoculations of each organism on each host were 
made 

* One of the twenty inoculations suggested ixisitive results. 


The results of these inoculation studies are suinnutrized in table 1. 
No differences worthy of note were observed either*in different trials 
or with the various sources of inoculum. Portions of this work 
confirm that of E. F. Smith (19) and C. O. Smith {18). The details 
are omitted because of their volume. 

PRELIMINARY PHYSIOLOGICAL STUDIES 

A further means of identification was obtained by growing the 
various pathogens on the substrata mentioned in the literature, 
whicli provided characteristic reactions. 

The results of these studies are summarized in table 2. As far as 
this work was carried, the results agreed closely with those of Brown 
(4), Riker (f^), (\ O. Smith (18)^ and E. F. Smith (19). It was also 
suggested tliat the undescribed cane gall organisms might be distinct 
from all the others because (1) it was very slow growing in all the 
media, and (2) it produced a different type of growth in litmus milk, 
characterized by a slight serum zone, pink color, acid reaction, and 
curd after an incubation period of 3 weeks at 24° C. Further differ¬ 
ences appeared during the investigations on carbon and nitrogen 
utilization mentioned later. None of these media showed clear 
differentiation between the bacteria causing oleander gall and olive 
Jcnot. C. O. Smith (18) concluded that these two organisms wore 
almost identical as far as his cultural studies were carried. 
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Table 2. Summary of results obtained with cultures of various gall-forming 
bacteria on different media 


Results with organism causing— 


Test and media 


Growth 1 on (in)— 

Nutrient glucose agar --- 

Nutrient glucose broth .. 

Nutrient agar ..... 

Yeast-e.\tract-glucose agar- 

Yeast-extract-glucose liquid niodiuin 

Potato-glucose agar - - - - - 

Litmus milk... . .. _ 

Serum zone. . . . — 

Color_ . - , - 

Reaction -- 

LHiuefaction of gelatin ^ --- - -- .. 

Hydrolysis of starch ^ 

ingestion of casein 2 . _ , - 


Crown gall 

Cane gall 

Beet gall 

Oleander 

gall 

Olive 

knot 

+ + 

4- 

d-d-d- 

d-d-d- 

d-d-d- 


+ 

d-d-d- 

-4 4* 4* 

d-h-h 


d- 

d-d-d- 

d-d-d- 

d-d-h 

++ 

d-d- 

d-fd- 

4-4-4- 

d-d-d- 

-b + d- 

d-d- 

-H-f 4- 

d-d-d- 

d-d d- 

4*4" H 

d-d- 

d-d-d- 

d-d-d- 

d-d- + 

d"d“ 

d-d- 

4-4* 

d-d- 

d-d- 

Present 

Present 

Present 

N one 

None 

)Gray to 
\ hi ow n 

} Pink 

/White to 
\ brown 

1 Blue 

Blue 

Alk'ilino 

Acul 

Acid 

Alkaline 

Alkaline 

0 

0 

-f 

0 

0 

0 

0 

d 

It 

U 

0 

0 

d- 

0 

U 


* Amount of growth indicated as lollows -h, slight, d- h, modcralc, ++4-, abiindanl 
2 Results indicated as follows 0, negative, +, positive 

COMPARATIVE PHYSIOLOGICAL STUDIES 

METHODS AND APPARATUS 

The bacteriological work re])orto<l in this pa])er wjis ])erforniO(l in 
a s])ecial room with the temperature controlled at- ap])T’oxijnately 
24^ C. The air of the room was supplied through oiled-])a])er air 
filters which kc])t dust and contamination at a minimum. The 
methods of the Society of American Bacteriologists {21) were em¬ 
ployed unless otherwise noted. The bacterial suspensions used in 
seeding the media were pre])ared according to a standardized technic, 
as follows: The density of a water sus])ension from a 2-day-old 
potato-glucose agar culture was adjusted to a])])ro\iniatdy 1.0 of the 
McFarland (8) scale. The cultures were seeded in du])licate with 
one drop of suspension and allowed to incubate 21 days at the tem¬ 
perature of the room. Experiments were repeated at least three 
times unless otherwise noted. S])ecial technics are described under 
appropriate headings. 

The selection of a synthetic basic medium which contained suitable 
sources of carbon and nitrogen readily available to all of the culture's 
and which would support growth without releasing objectionable end 
products was desired. Yeast-extract-^lucose-mineral-salts medium, 
while not possessing all the above requirements, proved satisfactory. 
Its composition was as follows: 1-percent yeast extract, 100 cc; 
glucose, 5 g; magnesium sulphate (MgS()4.71l20), 0.2 calcium 
chloride, (CaCl 2 ), 0.1 g; sodium chloride (NaCl), 0.2 g; dipotassium 
phosphate (K2HPO4.3H2O), 0.2 g; and water, 900 cc. The reaction 
was adjusted to approximately pH 7.0. The yeast extract was .made 
according to the .method of Allyn and Baldwin (2). Tests for the 
presence of reducing sugars in the yeast extract both before and 
after hydrolysis were negative. However, a trace of growth was 
made by the bacteria, as .may be seen later when the glucose wils 
omitted. .^te.mpts to prevent this growth by fermentation of the 
yeast infusion with Bacillus coli communis were unsuccessful. 
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Hydrogen-ion concentrations were measured potentiometrically by 
means of a glass electrode together with a vacuum-tube circuit 
slightly .modified from that described by Partridge {10). A dia¬ 
grammatic representation of the equipment together with the elec¬ 
trode asse.mbly is given in figure 1. 

The glass electrodes or half cells were made essentially by the 
procedure of Maclnnes and Dole {9). 

(/alibration was effected by determining the electrode potentials 
ot various standard buffers covering the pll range of the experi¬ 
ments studied. The error in the .measurements, between pH 1.5 
and 11.0, was found to be less than ±0.02 pH unit for any single 


ELECTRODE ASSEMBLY 



Fk.vul 1 Duigrain of Mvt*uuin-tube palvanomctor and electrode assembly for measuring oxidation* 
reduction interiMtics and h>drogen-ion concentrations \uth the platinum and glass electrodes, resjiec- 
tively \> ith swilcli .s m the O position, the variable rcMstance Hg is adjusted with the aid of the tap 
ke> until the gahanometer reads zero. Switch .S’ is thou placed in the B position and the variable re¬ 
sistance lih is adjusted until the galvanometoi again reaches zero. Both these positions of swutch 
are checked again When thev are balanced at zero, swutch N is then moved to the K position. The 
electrode potentials of the plat inuni or glass are rea<i from the potentiometer in the usual manner and the 
values interpolated to Ki, or pH, rosjiectively. 

experiment. These limits of error were determined by calibration 
before and after etich experiment. All measurements were recorded 
to the nearest 0.1 pH unit. 

Oxidation-reduction intensities >vere measured potentiometrically 
by substituting two bright platinum electrodes for the glass half cell; 
no other modifications of the apparatus were necessary. The opera¬ 
tion of similar apparatus has been described by Allyn and Baldwin 
(2) and by others. 

The yeast-extract-glucose liquid medium as employed in these 
trials showed little change in oxidation-reduction intensity whether it 
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was open to, or sealed fro.ni, the air. Figure 2 (control) shows the 
slight changes that occurred during a period of 21 days. ITnder other 
conditions Allyn and Baldwin (I) show significant time-potential 
changes in sterile .media of various other types. The differences noted 
might perhaps be accounted for by an incomplete seal over the closed 





AGE OF CULTURE (DAYS) 

Figuke 2 -Action of five gall-formini? pathogens in relation to time on oxidation-reduction intensity, 

measured in volts (Ei,), change in pll, and pellicle formation in yeast-extract-glucose-inineral-salt li(iuid 
medium at 24° C 


tubes (fig. 2), or by the use of yeast extract by the writer which had 
either stood a long time or had been heated enough to destroy its 
capacity for further reduction. 

Changes in hydrogen-ion concentration of the sterile basic medium 
were reflected in the platinum electrode potentials. Figure 3 shows 
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the observed En of their sterile basic medium at stated pH values. 
The readings through the physiological mnge of pH fall approxi¬ 
mately on a straight line. For each unit change of hydrogen-ion 
concentration between pH 2.0 and 11.0 the average observed change 
of the platinum-electrode potential was approximately 48 millivolts. 
Clark and Cohen {5) in a study of the theretical effects of pH on En 
found for each unit change of pll a possible shift of from 0 to more 
than 60 millivolts in the physiological range. Obviously oxidation- 
reduction systems are comparable only when hydrogen-ion concen¬ 
trations are considered. 

Autoclaving the ])latinum electrodes in distilled water was observed 
to increase their potentials in the basic medium over clean but un¬ 
sterilized electrodes. A change of 50 to GO millivolts toward the 
more oxidized region was noted. Similar (‘hanges were noted by 
Allyn and Baldwin (2) between electrodes autoclaved in steam and 
in water. 



with standard h>dro<*hlonc acid in the acid ranpe and with sodium hydroxide in the alkaline range. 
The Kh and pH were read iiotentiornelrically with the platinum and glass electrodes described in the 
text. 

The use of more than one electrode was obviously necessary since 
an erratic behavior of electrode potentials was sometimes noted in 
(‘ultures growing in the basic medium. Oftentimes only one elec¬ 
trode was affected. After a few hours or days the two electrodes 
would again be in perfect agreement and follow the usual course. 
The cause of these peculiar variations was not detennined. 

TEMPERATURE RELATIONS 

Comparative thermal relations of these organisms were studied by 
measuring the diameter of giant colonies at stated temperatures on 
yeast-extract glucose agar after 14 days of incubation. The cultures 
were grown in 6-ounce screw-cap bottles which contained a thick 
layer of agar adjusted to pH 7.0. Needle pricks were used to start 
the colony on the surface of the substrate. The average dianleter 
of the colonies in millimeters was taken as an index of growth at 
temperatures between 4° and 36° C. 
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The results of this study are presented graphically in figure 4. The 
region of optimum growth under the conditions of this experiment 
for all of these cultures, except the beet gall organism, occurred at 
28° C. For all practical purposes this temperature can also be con¬ 
sidered satisfactory for the beet gall organism, since only a slight 
increase of colony size over 28° was recorded for its observed optimum 
of 32° and since this difference is within experimental error. It is 
interesting, physiologically, that this group of bacteria should have 
similar thermal relations in culture. 



Fkhtre 4. -(irowth of various gall-forminK plant pathogens as measured by colony diameter on yeast- 
extract-glucose-mineral-salts agar at stated temperatures during 14 days 

HYDROGEN-ION RELATIONS 

The maximum and the minimum hydrogen-ion concentration at 
which growth was initiated were studied in the basic medium con¬ 
taining glucose. Sodium hydroxide or hydorchloric acid was added 
to the media to shift the hydrogen-ion concentration to the limits^ 
of growth. The alkaline media were stored over strong alkali to 
prevent carbdn dioxide of the air from changing the initial reaction. 
This procedure was only partly successful, however, because any 
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g:rowth produced by the organisms tended to acidify the medium. 
Only the rough alkaline limits could be determined by this method 
because the alkaline media gradually sliifted toward neutrality and 
after a few days or a week bacterial growth was invariably initiated 
in all tubes. No trials were made in a more highly buffered medium. 

The results of the studies revealed that the crown gall, cane gall, 
and olive knot bacteria were similar in the acid regions and were 
prevented from establishing growth between the ranges of pH 4.2 
and 4.4; while the oleander gall organism was unable to establish 
growth at pH 8.8 to 4.0; and the beet gall organism, at pH 3.6 to 8.8. 
The cultures were incubated 21 days at 24® C. The alkaline toler¬ 
ance of the group could only be approximated, as previously explained. 
Indications up to 1 week pointed to the pH region of 9.5 to 10.5 for 
the whole group as the limit of alkaline tolerance under the conditions 
of this experiment. Figure 8 shows the Eh of the sterile medium at 
various hydrogen-ion concentrations. Doubtless the Eh was an 
important influence, as well as pH at the limits of growth. 

UTILIZATION OF NITROGEN AND CARBON COMPOUNDS 

The ability of the gall-forming bacteria to utilize selected sources 
of nitrogen and carbon in a mineral-salt medium w^as examined to 
learn nnire of the comparative physiology of these organisms and to 
determine, if possible, any similar or dissimilar metabolic charac¬ 
teristics. These characters were measured by (1) the relative amount 
of growth produced in the tubes, (2) the change in titratable acidity, 
and (8) the final hydrogen-ion concentration of the culture. 

ITTILIZATION OF VARIOUS NITROGENOUS COMPOUNDS 

The various media for studying nitrogen utilization were made by 
substituting the nitrogen compounds listed in table 3 for the yeast 
extract of the basic medium. Concentrations of 0.5 percent by weight 
were used in these media except in the case of 1-cystine, uric acid, 
and l-tyrosine which were employed in 0.1 percent concentrations. 
Traces of available food materials (probably nitrogenous) were de¬ 
tected in the distilled-water supply during prdiminary studies. These 
impurities of the water were removed by redistillation over potassium 
permanganate. 

The comparative growth of these organisms in various nitrogenous 
media containing respectively various nitrogenous compounds is 
summarized in table 3. The crown gall organism appeared to use 
many and diverse, simple and complex compounds while the cane gall 
organism used the more complex compounds. The other cultures 
were apparently intermediate. Of the 20 media tested in this experi¬ 
ment 9 were used by all of the organisms. Imide, amide, ainino, and 
organic ammonium nitrogen characterize the compounds utilized by 
all of the organisms. 

The comparative titratable acidity or alkalinity induced by these 
organisms in various nitrogenous media is also summarized in table 
3. Since detailed treatment of the data would require too much 
space, only the more outstanding variations are noted. The crown 
gall bacteria produced marked quantities of total alkalinity in urea 
and 1-asparagine media. The cane gall bacteria produced large 



Growth 2 of organism cau^iing— ^ concentration with organism i Change m titratable acidity < with organ- 

• ^ j causing— I J 5 JJJ causmg— 

Nitrogen source ^ - 1 --Control ___.Control!_ 
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quantities of acid in succinimide, and d-glutamic acid media. The 
beet gall bacteria produced considerable acid especially in succini- 
inide and 1-asparagine media and notable amounts in several others. 
The oleander gall and olive knot organisms were similar in most 
of the compounds tested and resembled the crown gall bacteria in 
the production of an alkaline reaction from 1-asparagine. The only 
consistent relation among these cultures, when they grew, appeared 
in the total acidity induced in media made with uric acid, oxamide, 
1-tyrosine, 1-cystine, and yeast extract. 

The comparative hydrogen-ion concentrations induced in these 
various nitrogenous media are summarized in table 3. Some of these 
media, as already mentioned, supported visible growth of all five 
cultures. Among such media those made with oxamide, 1-tyrosine, 
ami 1-cystine became acid with eacJi organism. All the organisms 
which grew and induced similar reactions, produced acid in media 
made with acetamide, barbital sodium, ammonium nitrate, and 
ammonium sulphate. No comparable alkaline reactions were in¬ 
duced. These results should be considered in relation to the total 
a(‘idity discussed earlier. 

O.xidation-reduction intensities of these media were measured 
b(‘fore seeding and again after an incubation period of 21 days at 
24° (\ Detailed treatment of these data is beyond the scope of this 
pap(|r. As much as 0.05-volt drift was noted in some of the sterile 
media during the incubation period. The maximum and minimum 
Ej, limits of all of the sterile media lay within Eh+0.50 volt and 
I 0.39 volt which re])resents rather oxidized conditions but wliicli 
were within the limits of growth in the basic medium. The inability 
of certain organisms to grow in some of the media cannot be ex¬ 
plained by an unfavorable initial oxidation-reduction potential. Yeast- 
extract-giucose liquid medium, one of the most favorable for growth, 
started at Eh-fO.44 volt. Others ranged from +0.39 to +0.50 
volt. The linal electrode potentials of the cultures 'were commonly 
within this same range. However, there were some notable 
(‘,xc(‘pti()ns many of which appeared when the culture had a 
relatively strong alkaline reaction. The consideration of these 
En readings must take into account both the facts (1) that the Eu 
readings represent the resultant of the oxidation-reduction conditions 
and the hydrogen-ion concentration, and (2) that the oxidation- 
reduction conditions become rapidly more oxidizing at the end of 
the active growth period. 

UTILIZATION OF VARIOUS SOURCES OF CARBON 

Preparation of the various media employed in the utilization of 
carbon was made by substituting the caihon compounds listed in 
table 4 for the glucose of the mineral-salt-yeast-extract basic medium. 

The comparative growth of the gall-forming bacteria in media con¬ 
taining various sources of carbon is given in table 4. A trace of 
growth appeared in the yeast extract which prevented a clear-cut 
picture of utilization as compared with no utilization of the com¬ 
pound in question. The use of yeast extract as a source of nitrogen 
was essential for growth of all the organisms studied. It was clear 
that most of the carbon media tested were available to the needs of 
the bacteria. The notable exception appeared to be oxalic acid. 
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Of the 35 compounds tested, 24 were undoubtedly used by all of the 
organisms to some extent, as indicated by the turbidity produced over 
and above that of the control tubes. 

The comparative titratable acidity or alkalinity developed in these 
media are also summarized in table 4. Consistent production of ap¬ 
proximately the same amount of acid or alkaline materials by all these 
organisms residing in the same medium was not observed except in 
limited instances. Each of the organisms yielded values approxi- 
jnately similar to those induced by the others in media containing the 
following sources of carbon: Melezitose, raffinose, starch, inulin, pec¬ 
tin, glycerol, and glycollic acid. The total acidity values of these 
media differed slightly among themselves. 

The comparative hydrogen-ion concentrations induced by these 
organisms in the various carbon-containing media are shown in table 
4. When', there was little or no growth, there was often no important 
change. At least slight acid reactions were induced by all of the 
organisjiis in d-fructose, d-glucose, d-mannose, and d-galactose. 
Varying acid to neutral reactions were induced by all of the organisjiis 
in 1-xylose, aesciilin, glycerol, phloridzin, and mannitol. Alkaline 
reactions were induced by all of the organisms in melezitose, starch, 
yeast extract, and in all of the sodium salts of the organic acids 
studied. The alkalinity developing from the latter compounds is 
})robably explained by release of the alkfllitie cation following utiliza¬ 
tion of the organic radical of the molecule. A slight alkalinity was 
induced in the yeast extract medium which contained no added 
source of carbon. In media such as that containing oxalic acid, only 
a slight growth was induced accojinpanied by an alkaline reaction, 
which ap])arontly came from the yeast extract. For the most part the 
crown gall organism ])roduced little, if any, acid from the various 
sources of carbon. The cane gall and beet gall organisms produced 
acid frojTi several of the sugars while the oleander and olive knot 
organisms had a tendency to produce an alkaline reaction. The 
classification used is highly artificial and is presented merely for con¬ 
venience. 

The average Eu limits of the sterile control tubes fell between Eh 
“t 0.48 and Eh+0.43 volt except in sodium formate which was +0-17 
volt. No apiireciablo drift was noted during the incubation period 
(21 days a t 24° C.) in any of the sterile media. The media containing 
various carbon sources was found to be poised at a satisfactory po¬ 
tential for growth of these bacteria at the beginning of the experi- 
nients. In the case of the crown gall bacteria slight reducing condi¬ 
tions were found in all media except that containing phloridzin. 
With regard to the remaining pathogens, low Eh values were found in 
most of the carbon-containing media except where strong acid reac¬ 
tions developed. A consideration of these Eh readings must take into 
account the pH relationships mentioned earlier, the time-potential 
curves mentioned later, and the changes incurred by cessation of 
growth. Detailed treatment of these results are beyond the scope of 
this paper. 

Parts of earlier work by Brown (4), Riker (/4)> C. O. Smith {18), and 
E. F. Smith {19) have been repeated and confirmed by the present 
studies in which the various organisms have been examined in parallel 
cultures. 
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Quantitative fermentation studies of reducing sugars were made 
according to the method of Stiles et al. {22). One-half percent sugar 
solutions, in 10-cc lots were used as noted previously. 

Table 5. —Action of certain cell-stimulating plant pathogens on reducing sugars as 
measured by quantitative determinations of reducing substances remaining in the 
cultures after fermentation for 21 days at 2J° C. 


SuKar fermented > by oriranisms cmisinn- - 


Carbon souree 


d-Rlncose. -— 

d-Kalactoso.—.. 

d-niiuinose_ _ 

d-fru(5tose.-_ 

1-xylosc - - _ _ 

1-arabmose. - 

Sucrose-- - - 

Maltose - . _ 

Lacfose _ _ . . 


Crown 

C'ttno 

Beet 

Oleander 

Olive 

jjall 

Kali 

pall 

Kail 

knot 

Percent 

Percent 

Percent 

Percent 

Percent 

31 

29 

66 

19 

37 

36 

22 

65 

41 

36 

42 

26 

80 

20 

31 

67 

46 

89 

30 

.69 

3.6 

26 

73 

9 

.60 

r>2 

29 

r.8 

11 

46 

11 

23 

79 

31 

2 

17 

.60 

S6 

73 

64 

16 

■f 0 

24 

^ 0 

2 0 


» Control tubes analyzed as 100 percenl 

2 Slight fermentation was jjrobable but not sufficiently abundant to measure successfully 


The results of analysis of total reducing substances in tlie. culture 
after the usual incubation period (21 days at 24° C\) a it summarized 
in table f). Maltose and d-fructose were fermented in tlie largest 
quantities by most of the organisms studied. No utilization of 
lactose could be found in the case of cane gall, oleander tubercle, 
or the olive knot bacteria. The oleander organism fermented 1-xylose 
and l-arabinosc only slightly; sucrose was scarcely used bv th(^ olive 
knot organism. Moderate turbidity was noted in all tliese sugar 
solutions. It should be mentioned that large-bore test tubes gave a 
higher percentage of fermentation than did sjnall tubes, although tlu^ 
same quantities of media were used. All the tubes were ca])ped with 
tin foil to prevent evaporation; (‘onsecpiently, the degree of fermenta¬ 
tion was probably less than it would have been in fully aerated cul¬ 
tures. However, the fact that certain sugars were used app(>sars 
clearly in these results. Their utilization might be questioned in 
some cases when only acid production was considered. 

OXIDATION-REDUCTION STUDIES IN LIQUID CULTURES 

Comparative time-potential measurements were made in yeast- 
extract-glucose-mineral-salts liquid media, the technic used being 
similar to that of Allyn and Baldwin (2). The platinum electrodes 
wore sterilized in distilled water and gave a potential of apjiroximutely 
+0.48 volt at pH 7.2 in the sterile basic medium at the beginning of 
the experiment. Daily readings were made on undisturbed cultures. 
The results are plotted in figure 2. The final values of the electrode 
potentials represent an average reading of four electrodes since each 
experiment was made in duplicate. Although the work was repeated 
three times, only the results of one representative experiment are 
shown. The results in the other two trials were similar but are 
omitted because of their volume. 

Characteristic drop in the Eh value was observed in all the cultures 
during the first 3 days. The velocity of change was apparently 
governed by the rate of growth since the cane gall bacteria were 
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consistently slow as compared witli the other organisms. No correc¬ 
tion was made for the pH effect. The influence of pH upon the Eh 
reading has already been examined (fig. 3) in the basic medium 
eniployed. It is interesting to observe that, when the bacteria formed 
acid which alone would raise the Eh values, nevertheless, the metabo¬ 
lism of the organisms lowered the Eh readings. Even though these 
cultures apparently behaved alike in this experiment, it should be 
noted that other organisms (.^, 7, 17) show similar curves. However, 
it appears altogether likely that certain organisms, wlien capable of 
growing in plant tissue, may exert a distinctly reducing effect. 
Fiirther studies in this field were beyond the scope of this paper. 

DISCUSSION 

Some differences in the comparative physiology of the above- 
mentioned organisms (tables 1 and 2) apjieared during identification, 
although the oleander and olive knot cultures were closely related. 
Among these five cultures, that from beet gall exhibited the widest 
(iifferences in that it was pigmented, caused slight digestion of 
casein, slight hydrolysis of starch, and slight liquefaction of gelatin. 
In temperature studies its optimum of 32° C. was several degrees 
above that of the other cultures. All the cultures, except those 
of the oleander and olive knot, were different from each other in litmus 
milk. All of the cultures were parasitic on the liosts from which they 
were isolated. Only the crown gall organism infe(*.ted all the hosts 
employed. 

A suggestion of nitrogen fixation similar to that reported earlier 
(reviewed by Kiker and Berge {15) was found in preliminary experi¬ 
ments, but later a small amount of utilizablc material was detected 
in tlie distilled water. In further experiments the water was 
redistilled over ])otassium permanganate wliich removed the utilizable 
material. In the nitrogen-free (except atmospheric nitrogen) media 
no growth occurred, which shows the inability of these organisms 
to fix much, if any, atmos])heric nitrogen in these cultural media. 
Consequently, reports that nitrogen fixation is common in laboratory 
media may be open to question, and suggestions concerning the cause 
of cell stimulation based on nitrogen fixation seem to have an inade¬ 
quate experimental background. 

In the studies on the utilization by these organisms of materials 
containing carbon and nitrogen, valid measurements on which they 
could be compared appeared to be growth, hydrogen-ion concentra¬ 
tion induced, and change in titratablc acidity. Titratable acidity 
was commonly, but not always, reflected in the reaction. Change 
of oxidation-reduction potentials appeared of doubtful value as a 
measure of carbon or nitrogen utilization. Since all the organisms 
studied induce plant overgrowths, and although the possibility is 
recognized that they may induce the stimulation in different ways, 
it would seem that similanties in their physiology are of more import¬ 
ance than dissimilarities when considered in relation to the general 
question of atypical and pathological multiplication of plant cells. 
Consequently emphasis is placed on characters which the organisms 
'have in common. The following list shows the similarities in growth 
and reaction induced by these organisms in media with various sources 
of carbon and nitrogen. The crown gall and beet gall organisms 
showed the least similarities encountered, whereas the oleander and 
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olive knot organisms showed the greatest similarities in that they grew 
and produced comparable reactions in 46 of the 54 compounds tested. 


All orgatiimis studied 

Starch 
Pectin 
Phloridzin 
Formic acid 
Acetic acid 
Proiiionic acid 
Glycollie acid 
Malonic acid 
Succinic acid 
Tartaric acid 
Malic acid 
Oxaiiiidc 
l-t\rosino 
1-cystiiic 

Vrouut (jail and cane (jail 
or(j(iulions ^ 

Sucrose 

Maltose 

Raffi nose 

Dextrin 

Glycerol 

Ijactositol 

Dulcitoi 

Aesculin 

('alcium gluconate 

Croirri gall and heel gall 
oiganism ^ 

Lactose 
Erytliritol 
Oxalic acid 
Citric acid 

Crown gall and oleander 
gall organism ^ 

d-maimose 

Sucrose 

CUycerol 

Erythritol 

Mannitol 

Calcium gluc.onate 
Oxalic acid 
Citric acid 

Ferric animoniuin citrate 

Uric acid 

1-asparagine 

Crown gall and olive knot 
organ isms ^ 

l-arabinose 

1-r ham nose 

Glycerol 

Erythritol 

Mannitol 

Aesculin 

Calcium gluconate 
* In addition to compounds used 


Oxalic acid 
Citric acid 

Ferric ammonium citrate 

Uric acid 

l-asiiaragine 

Cane gall and heel gall 
organisms ^ 

I-arahinose 

1-xylose 

1-riiamnose 

d-fructose 

d-inannose 

d-galactose 

<l-glucnso 

Mele/itose 

Inulin 

Ferric aininonium citrate 

Trie acid 

Succinimifk' 

1-asparagine 
d-glutamic acid 
Yeast extract 

rVo/c g(dl and oleander gall 
organisms * 

d-fructose 

d-galactose 

d-glucose 

Inulin 

Aesculin 

('alcium gluconate 
Succinimide 
d-glutainic acid 
Yeast extract 

Cane gall and olive knot 
organisms ^ 

1-xylose 

d-fructose 

d-galactose 

d-glucose 

Inulin 

Glycerol 

Aesculin 

Calcium gluconate 
Succinimide 
d-glutamic acid 
Yeast extract 

Beet gall and oleander gall 
organ isms * 

d-fructose 
d-galactose 
d-glucose 
Haffinose 
Inulin 
Erythritol 
Lactositol 
by all oreauisms studied. 


Dulcitoi 
Citric acid 
Potassium nitrate 
Acetamide 
Succinimide ’ 
d-gliitamic acid 
Yeast extract 

Beet gall and olive knot 
organisms * 

1-xyloso 

d-frnctose 

d-galactose 

d-glucose 

TLiffinose 

Iniilit) 

Lactositol 
ErN tliritol 
Dulcitoi 
('itric acid 
Potassium nitrate 
Acetamide 
Succinimide 
d-glutainic acid 
Yeast extra(‘t 

Ohander and olive knot 
o!(jamsms * 

Rhamnose 

d-fructose 

d-galactose 

d-glucose 

Sucrose 

Maltose 

Lactose 

Melezitoso 

Rath nose 

Inulin 

Dextrin 

Glycerol 

lOrythritol 

Lactositol 

Mannitol 

Dulcitoi 

Salicin 

Aesculin 

(kilcinm gluconate 

CUtric acid 

Potassium nitrate 

Ferric ammonium citrate 

Uric acid 

Urea 

Dicyandiamide 
Acetamide 
Succinimide 
1-asparagine 
Barbital-sodium 
Glycine 

d-glutamic acid 
Yeast extract 
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C^ertain reactions induced are particidarly noteworthy. Utiliza¬ 
tion of the sodium salts of the organic acids together with the produc¬ 
tion of alkali was found with all the cultures. Similarly, oxamide, 
1-tyrosine and 1-cystine were used by all the cultures, but with the 
formation of acid. With many other substances varying degrees of 
differences in the reaction induced indicate that neither simple acidity 
nor siniple alkalinity should be considered the direct factors of host¬ 
cell stimulation. 

Although the production of an acid or alkaline reaction in sugar 
media is a common indication of its utilization, it is unreliable if 
neutral products are formed. Therefore, quantitative determina¬ 
tions of reducing substances remaining in the cultures after fermenta¬ 
tion were made and are given in table 5. Lactose was utilized sparsely 
by all of the cultures, and sucrose was not fermented to any extent 
l)y the olive knot organism. 1-xylose was not appreciably utilized 
by the oleander gall organism. It would seem that lactose and 
1-xylose could be included with many other substances to be set aside 
during studies of materials that may contribute to the development of 
stimulating factors until certain others have received more attention. 

The hydrogen-ion activities at levels in which growth does not 
occur in the basic medium, appears much more significant when the 
interrelationship of pll and Eh are considered together (fig. 3). Shift¬ 
ing the pll from 4.0 to 10.0 with sodium hydroxide involved a change 
in Eh of ruMirly 312 millivolts in the basic medium. This range of 
voltap> is narrow as compared with observed ranges caused by cell 
proliferation in undisturbed media (fig. 2). Under these conditions 
the Eh range of growth was approximately 600 millivolts. If it is 
true that the alkaline limit of gro\\th lies in the region of pH 10.0 
than the Eh of the basic medium (+0.265 volt) approaches an opti¬ 
mum at this level (fig. 2), and the pH then becomes an inhibiting 
factor of growth. In the acid region near pH 4.0 both the hydrogen- 
ion activity and the Eh (+0.556 volt) approached the limit of growth, 
and either one or the combination may, therefore, be the limiting 
factor. In limited unpublished experiments, an unsuccessful attempt 
was made to separate these two apparently limiting factors by poising 
the basic medium at stated Eh-pll levels by using common oxidizing 
or reducing agents in the medium. Certain indications appeared sug¬ 
gesting that the limiting oxidation-reduction range of this group of 
cultures lay near +0.6 volt on the oxidized side of the normal hydro¬ 
gen electrode and near —0.3 volt on the reduced side, which suggests 
that pll was the limiting factor in the acid region. Furthermore, 
tlie concentration of the reagents used to reach these physical limits 
had undesirable effects upon the medium. These studies indicate the 
great practical importance of considering Eh as well as pH for the 
growth of these pathogenic microorganisms in culture. No doubt it 
is very important also for the growth of microorganisms in the plant 
and has a bearing on both susceptibility and resistance. 

That the oxidation-reduction potential of a medium may play a 
significant j*ole in the ability of aerobic organisms to grow in certain 
media has been shown by Allyn and Baldwin (Jf, 2). The inability 
of an organism to utilize certain nutrients may, therefore, be a func¬ 
tion of Eh- In order to determine whether this factor, as well as pH, 
was operating to prevent growth in the media used, tests were made 

371-"'35-2 
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on the oxidation-reduction potentials developed in the media contain¬ 
ing various sources of carbon and nitrogen before seeding and after 
incubation. These results, while not reported in detail, indicated 
that none of these media were beyond the range of suitable for the 
growth of these organisms. P'inal potential readings were of greater 
oxidation intensity than the final readings of the time-potential meas¬ 
urements of undisturbed liquid cultures in the basic glucose medium. 
These results arc attributed largely to cessation of growth and to 
auto-oxidation before the final readings were taken. In accord with 
figure 3, the production of an acid reaction in the medium seemed to 
be correlated with relatively strong oxidizing potentials, and, con¬ 
versely, relatively strong reducing potentials were apparently corre¬ 
lated with alkaline inactions. Sodium formate gave the most reduc¬ 
ing readings of all of the conqmunds in this study both before and 
after incubation. In this case the difference in E,, was clearly jnore 
than could be accounted for on the basis of pH differences. 

Studies on electrode potentials developed in liquid cultures in rela¬ 
tion to time (fig. 2) showed, for all of the organisms, increased reducing 
potentials with increase of time, regardless of hydrogen-ion concen¬ 
tration. A study of the nature of the factors causing this reduction 
was not undertaken. Since other unrelated organisms show similar 
results, this characteristic is not peculiar to the gall-forming group. 
If these cell-stimulating bacteria bring about a relatively reduced 
potential within the host tissue as was found in culture, this change 
would probably influence the unknown factors that stimulate growth. 
However, Hendrickson et al. (7) and Sagen et al. {17) found that the 
reducing action of nonpathogenic cultures was apparently similar to 
that of pathogenic cultures. 

It appears in the data presented not only that physiological simi¬ 
larities and dissimilarities among certain cell-stimulating l)actej-ia 
have been clarified, but also that there are certain implications con¬ 
cerning factors (reviewed (15)) possibly im])ortant in relation to atyi)i- 
cal and pathological multiplication of cells. 

SUMMARY 

Cross inoculations, with small pieces of gall tissue and with single¬ 
cell cultures of Phytomonas tumefacieus^ P, beticolaj P. sarastanoi var. 
neriij P. savastmioiy and an unnamed organism causing raspberry 
cane gall, made on tomato, garden beet, oleander, olive, and rasp¬ 
berry showed (1) that P. turnejaciens was pathogenic on all of the 
hosts used, (2) that P. savastamoi var. n£rii was pathogenic- on the 
oleander and olive, and (3) that each of the other organisms was 
pathogenic only on the host from which it was isolated. 

Routine physiological studies on certain common bacteriological 
media showed that each of these bacterial organisms gave character¬ 
istic growth reactions which were distinctive for each organism, 
except the oleander and olive knot bacteria which showed similar 
cultural characters in all these media. 

The optimum temperaHire range for colony diameter on agar was 
about 28° C. for all of these micro-organisms except Phytomonas, 
beticola wliich produced its largest colonies at 32°. 
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The hydrogen-ion concentration at which growth was prevented 
in liquid culture was found to vary from pll 3.() to 4.4 in the acid 
range and approximately 9.5 to 10.5 in the alkaline range. 

Oom])arative utilization of several tyjies of comjiounds indicated 
that oxarnide, 1-tyrosine and 1-cystine were the only sources of nitro¬ 
gen used in whicJi all of the organisms distinctly produced similar 
reactions. Ifydrogcn-ion determinations were all in the acid range. 

Ck)m])ara.tive utilization of several types of compounds containing 
carbon indicated that starch, pectin, phloridzin, and the sodium 
salts of formic, acetic, projiionic, gly<‘,ollic, malonic, succinic, tartaric, 
and malic acids were the only sources of carbon used in which all of 
the organisms distinctly jiroduced similar reax^tions. Hydrogen-ion 
determinations were all in the alkaline range. 

Sup})lementing these studies, quantitative determinations were 
made of reducing substances remaining after fermentation in the 
cultiin's containing the reducing sugars. Some of the cultures showed 
similar, and other unequal, utilization. In some cases little or no 
loss of sugar was detected by the analyses, although sugar fermenta¬ 
tion was indi(*ated by turbidity and by change of reaction. 

The inability of certain of these organisms to utilize several of 
the com])()unds containing carbon or nitrogen was not caused by un¬ 
favorable oxidation-reduction intensities of these me'dia at hydrogen- 
ion concentrations approaching neutrality^ 

Hydrogcui-ion concentration of the sterile yeast-extrac4-glucoso- 
mineral-salts liquid medium was found to have a marked influence 
on the oxidation-reduction intensity of tliis medium. Strong acid 
reactions were accompanied by relatively^ strong oxidizing potentials, 
either or both of which may have limiting or at least unfavorable 
influences on growth in the extreme acid region. 

()xidation-reduction-pot(nitial measurements made at frequent 
tiiTK' intervals with various growing cultures in a ,veast-extract me¬ 
dium show(Ml that all these organisms produced relatively strong 
reducing potentials in undisturbed liquid (uiltures. This occurred 
in o])position to the oxidizing action of acid metabolic products. 

Tlie similarities of these organisms are discussed in relation to their 
comparative physiology and its bearing on certain working hypotheses 
for the cause of atypical and pathological multijdication of plant cells. 
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OVARIAN DEVELOPMENT IN CALVES ‘ 

By L. K. Casida, assistant professor of genetics, A. B. Chapman, assistant in 

geneticfty and I. W. Rtjpbl, assistant professor of animal husbandry^ Wisconsin 

Agricultural Experiment Station 

INTRODUCTION 

"Flic ])resenco of folliclos of approximately mature size in calves 
5 to 12 weeks of a^e, reported by Heitz and confirmed by Kappeli 
and Kiipfer, is referred to by Hammond.^ The last-named writer 
states that the aj 2 :e of puberty is probably reached at about 9 months 
and comments upon the length of the interval from the appearance 
of large follicles to puberty. 

it has been shown for the rabbit and the pig respectively (Hertz 
and Hisaw,’^ and C^asida**) that the immature female does not react 
macroscopically to gonad-stimulating extracts of the pituitary until 
an age is reached when vesicular follicles are present in the ovary. 
'Phe oliservations mentioned above indicate that very young calves 
may be suitable for ex])erimentation on the eflects of various gonad- 
stimulating extracts on the bovine ovary; furthermore, such animals 
nr(* desirabli^ for experimental work for economic reasons. A study 
of the degree of follicular development in heifer calves which had been 
shuightenMl for veal was accordingly made to determine the suitability 
of such animals for experimentation and also to furnish data on normal 
variation in ovarian development. 

MATERIAL AND METHODS 

Genitalia from 190 heifer calves showing Holstein-Friesian color 
markings and from 83 calves of various other breeds (many of Guern¬ 
sey coloring) were collected and the weight of the carcass (dressed 
weight) obtained for each animal. These collections wore made 
during February and March 1934; as far as could be determined the 
<‘alves were from southern Wisconsin and northeastern Iowa. 

The collected genitalia were brought to the laboratory, where 
determinations were made of the following characters of the right 
and left ovaries separately: W^eight to the nearest decigram, number 
and diameter of visible vesicular follicles, number of blood follicles, 
and length, width, and depth of the ovary to the nearest n^imeter. 
The external diameter of one uterine horn was also obtained at a 
level just above the external bifurcation. 

Analytical balances were used in weigliing the ovaries, and the 
follicle counts and measurements were made with a device similar 
to an egg candler, which passed a strong beam of light through the 

1 Keceived for publication Fob. 2,193/>, issued July 193.5. Ptti)er from the Departments of Genetics 
(no IHO) and Animal Husbandry, Wisconsin Agricultural Experiment Station, 
a Hammond, J. the physiology of reproduction in the cow. 220 pp., Ulus. London. 1927. 
s Hertz R and Hisaw, F. L. effects of follicle-stimulating and luteinizing pituitary extracts 
ON THE ovaries OF THE INFANTILE AND JUVENILE RABBIT. Amer. Jour. Physiol. 108' 1-13, illus. 1934. 

* Casida, L E. prepubeual development of the pig ovary and its relation to stimulation with 
GONADOTROPHIC HORMONES. Anat. Roc. OR 389-396. 1936. 
i The Oscar Mayer Packing Co., Madison, Wis., made possible the collection of this material. 
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ovary. The measurements were made with a vermer caliper. Exter¬ 
nal diameters of the follicles were readily obtained if the follicles 
were protruding from the ovarian surface, but if the follicles were 
embedded it was necessary to measure the diameter of the trans¬ 
lucent surface area produced by tlie follicular fluid. The dimensions 
of the ovary are those of the body only and do not include follicles 
wliich protruded markedly. The classification of blood follicles 
comprises a series ranging from large follicles wliich showed excessive 
vascularity and congestion in the follicular wall, with slight hemor¬ 
rhage into the follicular liquor, to those approximately 1 mm in diam¬ 
eter, wliich appeared macroscopic-ally to contain a bluish-red coagu- 
lum. 

In the study of the data, calculations were made of the mean (A/), 
standard deviation (y), standard deviation of the mean ((Tm) or 
standard error, and simple correlation (r). Tests of the significance 
of the diflerence between means were based on Fisher’s tables of the 
probability (P) distribution of t and x for diflerent numbers of observa¬ 
tions (N).^ The significance of simple correlation coellicients, like¬ 
wise, was tested by Fisher’s table of values of the correlation coeffi¬ 
cient for different levels of significance. The probability of equaling 
or exceeding by chance the different values of the constants was the 
criterion used for deciding upon their statistical significance. The 
significance of the difference between correlation coefficients was 
obtained by converting the values of r into z (Fisher’s table of r 
for values of z) and then comparing the dift*erence between the values 
of the two 2 ’s with the standard error of their difference. If the 
calculated value had a probability of chance occummce of 0.05 or 
less it was considered significant, meaning that a figure of that value 
or greater would, on an average, occur 5 percent of the time by chance. 
When the figure was so large that the probability of occurring by 
chance was reduced to 1 percent, it was then considered to be statisti¬ 
cally highly significant. These two points (0.05 and 0.01 of the 
normal probability curve) are approximately equal to 2 and 2^ 
times the standard deviation, respectively. 

PRESENTATION OF DATA 

A preliminary study showed that practically all of the ovaries 
contained vesicular follicles. Of the 190 Holstein calves, 98 percent 
had follicles 1 mm or more in diameter; 89 percent, follicles 4 mm or 
more in diameter; 41 percent, follicles 10 mm or more in diameter; 
and 3 percent, follicles as large as 13 mm in diameter. These calves 
ranged in dressed weight from 52 to 138 pounds. Considering the 
dressing percentage 65 (as estimated from records of the packing 
house), the live weight of these heifers was 80 to 212 pounds. This 
weight range, according to growth data (Brody et al.),^ would indicate 
that the calves ranged from new-born to 14 weeks of age. 

The mean dressed weight of the calves of other breeds was dis¬ 
tinctly less than that of the Holstein calves (table 1). When the 

e Fisher, H. A. statisticai. methods for research workers. £d. 3, rev. and enl., 288 pp., lUus. 
Kdinburgh and London 1930. 

^ Brody, 8 ., and others, growth and development with special reference to domestic animaiji. * 
Mo. Agr. Expt. 8ta. Kesearch Bull. 96,182 pp., Ulus. 1926. 
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right and left ovaries were considered together as a unit (total ovarian 
complement) in these two groups, the mean values for all of the 
ovarian characters, except one (frequency of follicles 1—3 mm in diam- 
ter), were numerically greater in the other breeds than in the Hol- 
steins. None of these moan differences, however, was statistically 
significant. The three characters for which the value of P was the 
lowest (chance difference least likely) were ovarian weight, frequency 
of follicles 4-13 mm in diameter, and volume of follicles 4—13 mm in 
diameter. Although the calves of other breeds were distinctly lightei 
in weight than the Holsteins and showed even greater ovarian devel¬ 
opment, the nonestimable effect of the breed variability in the former 
group makes any direct comparison with Holsteins on such a common 
basis as weight or estimated age seem unjustifiable. 


Table 1.— Comparison of calves of Holstein appearance xoith calves of various other 

breeds 


Item 


Holstein 

AfdrCjir 

Other breeds 

Probability 
of mean 
difference 

Calves.... 

_ ..number.- 

190 

83 


Dressed weight . 

_iKiunds-. 

-—millimeters.- 

S8.6±l.l 

82.8 ±1.8 

<0.01 

Uterine diameter. 

10. 43± . 14 

10. 69± . 17 

.47 

Ovarian weight 1...-. 

P'requenoy of follicles of different diameters » 

_grams 

1.90± .09 

2.154= . 15 

. 14 

1 to 3 Him. 


36.8=b3. 6 

35.1 ±6.0 

.88 

4 to 6 mm. 


3 34± . 30 

3 99± . 44 

.22 

7 to 9 mm. 


1.06± . 10 

1. 29± . 14 

.16 

10 to 13 mm..... 


.46=fc .04 

.55± .07 

.26 

4 to 13 mm.. 

Total volume of follicles of different diameters 

1 2 

4.86=b .33 

5.83± . 46 

.09 

4 to G mm.cubic millimeters.. 

193± 17 

234± 22 

.14 

7 to 9 mm.. 

.do_ 

267± 25 

316± 34 

.24 

10 to 13 mm. 

.do_ 

307=1= 32 

339± 44 

.50 

4 to 13 mm...-. 

.do-... 

764± 42 

888± 55 

.08 

Frequency of blood follicles . 


1.04=b . 12 

1.34± .32 

.36 


> ('Omhined rijjht and left ovaries are considered as a unit for all ovarian characters in this table. 

* No attempt was made to calculate total volume of follicles 1-3 min in diameter because of inaccuracy 
ill measurement of the smallest follicles. 


Inasmuch as the Holstein calves represented a considerable range 
in age, as judged by the weight criterion, the association between 
dressed weight and the various ovarian characters should give some 
indication as to the type of morphological change which takes place 
in the ovaries during the first few weeks of postnatal life. Figure 1 
show's this in terms of simple correlations. Of the 5 ovarian charac¬ 
ters studied, only 3 (weight, frequency of follicles 4-13 mm in diam- 
ter, and volume of follicles 4-13 mm in diameter) were significantly 
correlated with dressed weight. The correlation between dressed 
weight and volume of follicles 4-13 mm in diameter was significantly 
lugher than that between dressed weight and either of the other char¬ 
acters. Progressive ovarian development is the expression of physi¬ 
ological stimuli, even before puberty; therefore the best indices of 
the state of ovarian environment are weight of the ovaries and number 
and total volume of larger follicles, and the best index of all is the 
total volume of follicles 4-13 mm in diameter. 

The mean total volume of follicles 4-13 mm in diameter is deter¬ 
mined by the diameter and number of follicles in all calves and by 
the proportion of calves which have follicles of this size. The Hol¬ 
stein calves were divided into two weight groups (52-86 poun<M and 
87-138 pounds) of approximately equal frequency (table 2). Many 
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calves in each group had folhcles at least as large as 4 mm in diameter, 
but the proportion of calves which had follicles of that minimum 
size was greater by 17 percent in the group of heavier animals. There 
was also a greater percentage of the heavier calves which had follicles 
approaching 13 mm in diameter; in addition there was a greater 
proportion of these heavier calves with more than one large follicle. 
The percentage of calves having more than 50 follicles less than 4 mm 
in diameter and also the percentage having blood follicles are very 
similar in the light and heavy groups. The similarity of the two 
groups in this last respect agrees with the insignificant correlation 
between dressed weight and frequen(‘y of follicles 1--3 mm in diameter 
and frequency of blood follicles (fig. 1). 

Ova non 
characters^ 
both ovaries 

Extra-ovarian Simple correlations considered os a 

characters 



weight 


Frequency of 
follicles l“3 
mm in diameter 


Frequency of 
fol I ides 4-13 
mm in diameter 


Volume of follicles 
4-13 mm in diameter 


Frequency of blood 
fol I ides 


Figure 1.—Association among ovarian and extra-ovarian characters in 190 calves of Holstein api)earance. 
Significant correlations0.15; highly signlficant»0.1B. 


Table 2. —Ovarian characters as related to dressed weight of calves of Holstein 

appearance 


Calves having— 

i 

Percentage of c.alves 
of indicated 
dressed weight 
having character 
described 

91 calves 
of 52 to 86 
pounds 

99 calves 
of 87 to 
138 

pounds 

Visible follicles (any sUe). 

97.80 

80.22 

61.63 
26.26 

7.69 

0.00 

24.20 

60.64 

98.00 
96.97 
87.88 
64.64 
28.28 , 
8.08 
22.22 
48.48 

Follicles over 8 mm in diameter.. ... 

Follicles over 6 mm in diameter... . _ . 

Follicles over 9 mm in diameter... 

Follicles 4 to 6, 7 to 9, and 10 to 13 mm in diameter. 

More than 1 follicle over 9 mm in diameter.... . 

More than 60 follicles less than 4 mm in diameter. 

Blood follicles.*... _ . 
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The diameter of the uterine horn was used as a measure of the 
amount of stimulation being exerted upon the uterus. The significant 
association between uterine diameter and dressed weight ^g. 1) is 
interpreted as being, in large part, due to ovarian development, 
which itself was highly corrdated with dressed weight. Significant 
correlations were obtained between uterine diameter and ovarian 
weight, and number and volume of follicles 4- -13 nun in diameter. 
Inasmuch as follicular hormone is an important factor in uterine 
development these correlations suggest that the follicular apparatus 
in the immature calf is increasing with age not only in magnitude 
but also in physiological activity, as shown by growth and develop¬ 
ment in the genital tract. 

A comparison was made next of the various ovarian characters in 
the right and left ovaries respectively. While the situation in the 
two breed groups of calves was not identical, in the main it was very 
similar. In the Holsteins consistently higher values were found for 
the various characters of the right ovaries than for those of the left 
ovaries with the exception of frequency of blood follicles (table 3). 
In the calves of other breeds the same was true for the weight and 
dimensions of the ovaiy and for the volume of follicles 7-13 mm in 
diameter. The mean total follicular volume of follicles 4-13 mifi 
in diameter is significantly greater in the right ovaries of both groups, 
and the mean weight of the right ovary was greater than that of the 
left in the Holsteins.® 


Table 3. —Comparison between dimensions and character of right and left ovaries 
of calves of Holstein appearance and calves of other breeds 



Item 


Holstein 

Other breeds 


Right M±vm 

Left A/dbiTAf 

Right Mdzvjn 

Left JVfdrO’jf 

Ovaries. 

Dimensions. 

..number. 


190 

190 

83 

83 

l.<ength. 

. _ ..millimeters.. 

20 08 =fc 0 28 

19.42 db 0.30 

20 66 drO. 44 

19. 71 d: 0.43 

Width. 


9 75 db 

.23 

9.22 ± . 21 

10 31 rb . 32 

10.23 d: . 36 

Depth__ 

__do_ 

6.83 rb 

.18 1 

6.55 db . 16 

7.47 dr . 25 

7.40 d: .19 

Weight.-grams.. 

Frequency of follicles of different diameters: 

1 01 ±: 

.05 

.89 =t .04 

1.12 rb .08 

1.03 d; .08 

1 to3mm... . 


18.9 =b 

1.9 

17 9 db 1.8 

16.7 dr 2 4 

18.6 dr 2.7 

4 to 6 mm. 


1.79 ± 

. 18 

1.55 dr .16 

1.81 dr .21 

2.18 dr .28 



.57 ± 

.07 

. 50 dr .06 
. 17 ± .03 

.74 i: . 08 
.34 dr .06 

.66 d: .11 
. 22 d: .06 

10 to 13 mm... 


.28 =t 

.03 

4 to 13 mm. 

Volume of follicles of different diameters. 

2.64 

.19 

2.22 dr .17 

2.88 dr . 24 

2.95 dr .29 

4 to 6 mm. 

.cubic milliraeters-- 

104 =t 

10 

88 dr 9 

111 dr 12 

122 dr 14 

7 to 9 mm. 


148 =t 

19 

118 dr 14 

184 d: 22 

131 db 26 

10 to 13 mm... 

.do_ 

194 ± 

24 

116 dr 20 

208 dr 36 

131 dr 29 

4 to 13 mm.... 

.do— 

447 db 

32 

317 dr 25 

604 dr 43 

384 d: 40 

Frequency of blood follicles.. 

.49 zh 

.07 

. 55 dr .08 

. 69 dr. 18 

. 65 rb .10 


Significant correlations were found between the right and left 
Ovanes of the Holstein calves for the following characters: Frequency 
of blood follicles, frequency of follicles 4-13 nun in diameter, weight 
of the ovary, and frequency of follicles 1-3 mm in diameter (table 4). 
Although tne two ovaries showed association in each of these char¬ 
acters, there were significant differences in the values of the correlation 
coefficients; the items are listed in the preceding sentence in the 


> The carves for the distribution of each of the ovarian characters are asymmetrical. Although the type 
of asymmetry is similar and Tf is the same for the right and left ovaries, there may t>e some question as to 
the ^idity of this test for slgniaoanoe of the differenoe. Corroboration of all the ditZerences between the 
right and left noted in the text was obtained by use of the pednt binomial, which showed a significantly 
excessive occurrence of greater values for the characters in the right than in the left ovary. 
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ascending order of their importance. The volurae of follicles 4-13 
mm in diameter showed no correlation of significance between the 
right and left ovaries. 

Tables 5 and 6 are presented for the purpose of placing on record the 
data on normal variation in ovaries of calves of veal size and normal 
values of ovarian characters for calves of different weights. In 
addition, they show the reasonably consistent difference between the 
mean values of the ovarian characters in the right and left ovaries of 
the Holstein calves when divided into classes based on dressed weight 
of the calf and the combined weight of the two ovaries. 

Table 4. —Comparison of the weight and characters of [the right]and\leftj)varies in 
190 calves of Holstein appearance 


Ovarian character 


Weight____- .—gram.. 

Frequency of follicles 1 to 3 mm in diameter- . .. 

Frequency of follicles 4 to 13 mm m diameter. -- 

Volume of follicles 4 to 13 mm in diameter_cubic millimeter. . 

Frequency of blood follicles. 




Relation between right 



and left ovary 

Right» 

l.eft 1 

. .— 

.. 

ovary 

ovary 

Probability 

Simple 



of mean <hf- 

correla- 



ferenct) 

lion 

1 01 

0.89 

<0 01 

0 74 

18 9 

17 9 

. 15- 10 

.93 

2 04 

2.22 

. OS-, eg 

.mi 

447 

317 

< 01 

.05 

.49 

. 55 

.40- 50 

.37 


1 Kefer to table 3 for a m of ovarian characters. 


Table 5. —Weight and characters of right and left ovaries of calves of Holstein 
appearance as related to dressed weight of calf 


i 

Dressed weight ! 
(pounds) 

(''alves 

Weight of - 

Frequency of folliclas 

4 to 13 mm in diameter 

Volume of follicles 4 to 13 
mm in diameter, 

Right 

ovary Mdt . 

<rM 

Left ovary 
A/=fcajif 

Right 

ovary 

tTM 

Left ovary 

MdziTM 

Right 
ovary M± 

OM 

Left ovary 

52 to 72. 

73 to 80.. 

81 to 88. 

89 to 90. 

97 to 104... 

105 to 112. 

113 to 138.. 

Num¬ 

ber 

27 i 
37 
39 
31 
22 
23 
11 

Grams 

0.05=fc0.09 
. 8()± . 11 
. 95:fc . 10 
1.05=b .09 

1 07=1= . 14 
1.52J= .17 
1,51=1= .10 

Grams 

0 53=fc0 08 
.81=h 08 
.80± .08 
.90db .09 

1.10=fc .15 

1 1.23± .19 
l,20=b .20 

Number 
1.5±0 3 

1 2.1± . 4 

2.4± .3 

2 8=b . 4 

3 3± 9 
3.0=fc .5 
4.4± .7 

Number 

1. OdbO. 2 

1 7:t .3 

1 7d: .3 
2.7-t .4 

2 7± . 0 
3.5:t .0 
4.0=h .8 

i Cubic millt- 
meters 
237± 61 
303=t 81 
401=b 56 
491 d: 59 i 
4g0J= 89 1 
087:t 35 
918=1=130 

Cubic milli¬ 
meters 
H7± 24 
271=fc 48 
254d= 60 
336=1= 00 
673=fc 94 
309=t 44 
695:1=160 


Table 6 . —Weight and characters of right and left ovaries of calves of Holstein 
appearance as related to weight of the two ovaries as a unit 


Weight Of 
both ovaries 
(grams) 

Calves 

Weight of— 

Frequency of 
follicles 1-3 mm 
in diameter 

Frequency of 
follicles 4-13 mm 
in diameter 

Volurae of folli¬ 
cles 4-13 mm in 
diameter 


Right 

ovary 

Afrfccrj# 

Left 

ovary 

M±i(rM 

Right 

ovary 

Left 

ovary 

Right 

ovary 

MdtVM 

Left 

ovary 

M:kcM 

Right 

ovary 

Mdetrsi 

l^ft 

ovary 

Af=fc«^ji# 

0.2 to 0.7. 

0.8 to 1.3. 

1.4 to 1.9. 

2 to 2JS. 

2.6 to 3.2. 

3.8 to 6.4. 

Num¬ 

ber 

25 

39 

62 

24* 

19 

21 

Grams 

0.29:i=0 02 
. 52d= . 03 
.86:1; .04 
1.27± .06 
1.72± .06 
2.30d= . 11 

Grams 

0.20=l;0.02 
.61=1= .03 
.81± .04 
.03=b .06 
1.23d= . 08 
2.22=b .12 

Number 
3.2±1.1 
7.0=fcl.3 
12.1=1= .6 
14.3d:2.2 
37.6=1=6.61 
68.6=fc7.7S 

Number 
2.8:fcl. 0 
7.2:fcl.6 
9.4=1=1.0 
14.0=1=2.4 
36. 7±ri. 4 
68.2=b7.2 

Number 
0.6d;0.2 
1. 2:1; . 2 
2.8=b .3 
3.6± , 6 
4.6:1; . 6 
4.6drl. 0 

Number 
0.4±0.1 
1.8=fc .8 
2.0d= .2 
2.8:1= .4 
3.1=b .8 
4.6db .8 

Cubic 
miUi- 
meters 
43=b 16 
243:1: 47 
504:1= 57 
741db 92 
768=bl06 
621db 80 

Cubic 

milli¬ 

meters 

26±10 

243=1=41 

399=1=47 

403=fc78 

328db94 

452=1;74 
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DISCUSSION 

The data presented in this study show that follicular development 
in the calf ovary is well under way a few days after birth and in 
general is augmented with age. This suggests that there is an in¬ 
creasing gonad-stimulating activitv on the part of the anterior pitui¬ 
tary long before the time of puberty. The significant correlation 
between total volume of larger follicles and diameter of the uterine 
horn further suggests that follicular development in the ovary is not 
merely a morphological phenomenon but that the follicles in these 
sexually immature calves are to a degree physiologically active and 
producing an effect in uterine development. The trend of ovarian 
development demonstrated by this study appears to substantiate 
the idea that the morphological state and physiological activity of 
the ovary which are attendant upon puberty are the product of a 
gradual development, and are not effected briefly before reproductive 
maturity is attained. 

On the basis of the mere presence of vesicular follicles, it would 
seem likely that almost all dairy calves of veal age should react 
experimentally to gonad-stimulating hormones. The minimum size 
of the vesicular follicle which is necessary to give the reaction is not 
determined by this study; but, considering the comparatively large 
size of the follicles in most calves, probably the majority of them 
would react to pituitary extracts. 

The normal variability in calf ovaries indicates the necessity of 
determining the condition in each animal before experimental treat¬ 
ment. Especially is this true if the change to be produced is expected 
to be small. The normal values of the different characters reported 
in tliis study may be helpful in determining the degree of change 
produced experimentally in terms of normal change occurring with 
increasing body and ovarian weights. 

The presence of follicles of ovulation or immediately preovulation 
size which do not rupture emphasizes the need for determination of 
the estrin content of follicles of different sizes and also the conditions 
in the mucosa and musculature of the genital tracts which are asso¬ 
ciated with them. The increased diameter of the uterine horn may 
indicate the functional activity of the ovary with regard to increasing 
secretion of estrin, but at what stage of its development the follicle 
begins to produce a physiological effect on the genital tract is 
unknown. 

It seems unlikely that the large follicles which are present in the 
young calf persist in the ovary until puberty. Wliile in general the 
number and size of large follicles appear to increase with the age of 
the animal, much variation occurred throughout the series and an 
appreciable number of calves in the younger group showed greater 
follicular development than some calves in the older group. It could 
not be determined in tliis study whether there were periodic waves 
of follicular growth in the ovaries as a whole, but it would seem that 
individual follicles develop and recess somewhat independently of 
other follicles in the same animal. The consistent occurrence of blood 
follicles in all groups of calves suggests that a rather continuous fol¬ 
licular degeneration takes place miring first few months of post¬ 
natal life. The number of enlarging follicles present at any one time, 
however, tends to increase as the animal grows older. 
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SUMMARY 

Ovarian and follicular development and their relation to body 
weight and uterine size have been studied in 273 dairy calves, ranging 
from a few days to approximately 14 weeks of age as estimated from 
dressed weight. Vesicular follicles were present in practically all 
animals. Ovarian weight and degree of development of larger folli¬ 
cles wore significantly correlated with both body weight and uterine 
diameter. Although a high degree of association existed between the 
right and left ovary with respect to weight and number of follicles, 
there wore significant differences between the mean weight and the 
total follicular volume of follicles 4 -13 mm in diameter in the two 
ovaries, the right having the greater values. Approximately one-half 
of the calves (irrespective of weight) had blood follicles present in 
their ovaries, suggesting continuous follicular degeneration during 
early postnatal life. 



EFFECT OF FERTILIZERS, SOIL TYPE, AND CERTAIN 
CLIMATIC FACTORS ON THE YIELD AND COMPOSITION 
OF OATS AND VETCH ‘ 

By G. O. Baker and 8. C. Vandecaveye,^ Washington Agricultural Ex'perU 

ment Station 

INTRODUCTION 

Climatic conditions as well as soil type and fertilizers may be ex¬ 
pected to influence the yield and composition of crops. Although 
much work has been done to determine the effect of fertilizers and soil 
types on the yield and composition of crops, very little information 
is available on the influence of climatic factors when the same soil or 
culture solution is used under different climatic conditions the same 
year. The conclusions of Dickson {6) ® that oats grown at Madison, 
Wis., contained a higher percentage of calcium and phosphorus than 
oats grown at Pullman, Wash., under the same cultural conditions 
were not based on work done the same year but in different years. 
Variations in climatic conditions in the same locality from year to 
year may also be expected to result in differences in composition of 
crops. Likewise the report of Delwiche and Tottingham {5) to the 
effect that the nitrogen content of corn, barley, and clover was only 
slightly influenced by climatic conditions is open to question as these 
crops were grown on two different soil types, which by their very nature 
may cause differences in the composition of crops. It is apparent, 
therefore, that while the effect of fertilizers on crop yield is generally 
conceded, any differences in composition that may result from appli- 
(‘ations of fertilizers, differences in soil type, and variations in climate 
can be determined with certainty only when the same soils receiving 
identical treatments are subjected to different climatic environments 
the same year. 

In an attempt to obtain some light on this subject a series of pail 
experiments with three widely different soil types was started in 1931. 
The experiments conducted at Pullman were duplicated in south¬ 
western Washington in the area from which these three soils were 
obtained. In this manner the same soil receiving identical cultural 
treatments was subjected to two different climatic environments, the 
humid climate of southwestern Washington and the semiarid climate 
of eastern Washington. 

The climate of southwestern W^ashington is of the marine type, 
having a narrow annual temperature range, an annual mean tempera¬ 
ture higher than the average for the latitude, and heavy precipita¬ 
tion with a maximum in the winter months. Associated with the 
high rainfall is a high relative humidity and a large percentage of 
cloudy or partly cloudy days which may be expected to result in a 

J Received for publication Nov. 20, 1934; issued July 1935. Published as Scientific Paper no. 294, Col¬ 
lege of Agriculture and Experiment Station, State College of Washington. 
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professor of botany. State College of Washington, for reviewing the manuscript; and H. S. Porter and B. L. 
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low-light intensity. The elevation of this area is relatively low; that 
of the city of Contralia, which is centrally located in the experimental 
area, is only 182 feet above sea level. The climate of eastern Wash¬ 
ington is essentially continental in character, having a wide annual 
temperature range. The precipitation is light and occurs largely in 
the winter period. The relative humidity is low, the number of clear 
days large, and the light intensity high. The elevation of this area 
ranges from 1,000 to 2,700 feet, that of the city of Pullman being 2,550 
feet. 

EXPERIMENTAL PROCEDURE 

The three soil types selected for this experiment were (1) Felida 
silt loam from Clarke County, a soil derived from ancient alluvial 
or marine sediments; (2) Olympic loam from Cowlitz County, a soil 
derived from residual material; and (3) Chehalis clay loam from Lewis 
County, a soil derived from alluvial material. The normal annual 
precipitation in these throe areas is approximately 37, 63, and 45 
inches, respectively. 

The samples of soil were obtained from near the check plots of 
experimental fields previously established by the Washington Agri¬ 
cultural Experiment Station. Soil taken frojn the upper 8 inches was 
thoroughly mixed, half of the amount sent to Pullman, and the other 
half retained by the cooperators in southwestern Washington. Each 
sample was sufficient to fill, in each of the two locations, 12 galvanized 
pails of 12-quart capacity to a depth of 8 in(‘hes. The pails were 
painted with asphaltuin paint and provided with drains. Six pails 
were planted to oats {Aima satim L.) and six to vetch {Vida sativa 
L.). Each of the two sets of experiments received the following 
treatments: Check, N, NP, NPCa, NPKCa, and N(.^a. 

Since the primary interest was in the mineral content of the crops, 
nitrogen was added to all pails except the check so as to eliininate the 
possibility of its being a limiting factor in plant growth, (ffiemically 
pure chemicals were used to avoid so far as possible the complicating 
effect of certain elements that might otherwise have been introduced. 
The dia.meter of the pails, 4 inches from the botto.m, served as a means 
of calculating the area on which to base the rate of fertilizer applica¬ 
tion. The cheinicals applied and their equivalents in fertilizers cal¬ 
culated on the acre basis are given in table 1. 


Table 1. —Chernicals applied to pails of soil and their equivalents in fertilizers 
calculated on the acre basis 


Treatment 

MateriaLs added 

PertiliKer eciuivalent» 

Ai>pro.\- 
imate 
rate per 
acre 

Check; 

N. 

NaNOa. 


Pounds 

300 

300 

600 

300 

1.200 

4,000 

300 

270 

1,200 

4,000' 

300 

4,000 

NP. 

/NaNOi... 


\NaH 2 PO 4 . 4 H 2 O. 

SupArphn.sphatA 

NPCa.. 

ICa(N08)2.4H20.,... .. 

Sodium nitrate __ 

■[Can4(P04)5.H9O 

Superphosphate.. 

Lime _ . _ 

NPKCa. 

ICaCOj. 

fNaNOa. 

Sodium nitrate 

JKNO 3 . 

Muriate of potash.. 

Superphosphate 

]CaH4(PO4)2.H20. 

Krna 

ICaCOs. 

Lime 

i0a(N03)2.4H20... 

Sodium nitrate.. 


\CaCO 3 . 

Lime. .. 




1 jSodJum nitrate, IB.5 percent N; superphosphate, 17 percent PiOs: murlatelof potash, 48 percent KaO; 
lime, 100 percent OaOOa. - v 
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The chemicals were thoroughly mixed with the soil and sufficient 
water was added to bring the moisture content to normal field 
capacity as expressed by Shaw iH), The pails were covered and 
allowed to stand 3 or 4 days before seeding. Following the harvest, 
the soils were allowed to dry and were stored under cover during the 
winter. The second year chemicals wore again mixed with the soil 
as in the previous year, water was added, and the moist soils were 
allowed to stand a week before seeding. 

The three soils studied in southwest Washington, referred to as 
^‘the coastwore located at Chehalis in 1931, as were the Chehalis 
and the Felida soils in 1932. The Olympic soil was located at Wood¬ 
land in 1932. The work in these localities was done by two cooperators 
and was conducted in the same manner as at Pullman insofar as it 
was possible to do this under cooperative arrangement. 

vSwedish Select oats and common vetch, grown on the college farm 
at Pullman, were used as seed. The vetch seed was inoculated with 
a culture of the proper legume bacteria. In both localities the oats 
and vetch were planted the same day at the rate of 20 seeds per pail. 
After the seedlings were well established they were thinned to 10 
plants. 

Each pail was weighed at the outset and the plants were watered 
frecpiently (every day during the latter part of the growing season). 
The j)ails were made up to weight once a week if necessary by the 
addition of water. Condensed steam served as a source of water at 
Pullman. Since neither condensed steam nor distilled water was 
available at Chehalis and Woodland, the regular city water was used. 
Although the water in these areas is known to have an extremely low 
mineral content, a chemical analysis revealed that it contained 7.5 
parts per million of calcium, the cliief element in water that might 
influence the results. 

Both oats and vetch were harvested simultaneously, for any one 
soil, at a time when most of the oat plants were in the soft dough 
stage. The crops on the coast matured a week to 10 days later than 
at Pullman. After harvest, the crop samples were oven-dried at 
65® C., weighed, and ground for chemical analysis. 

Nitrogen was determined by the official Kjeldahl method {2). 

For the determination of the mineral elements the oven-dried 
plant material was ashed in a muffle furnace at a dull red heat. The 
ash was taken up with 1:4 hydrochloric acid, diluted with hot water, 
and filtered into volumetric flasks. Phosphorus was determined by 
the official method (2) with slight modifications, calcium by Chap¬ 
man's method (4), and potassium by the sodium cobaltinitrite method 
of Volk and Tniog {Ifi), In all cases the composition is reported in 
terms of percentages based on oven-dry weight of the plant material. 

CLIMATIC CONDITIONS 

The available weather data for the coast area are not as complete 
as those for Pullman, but the United States Weather Bureau data 
for Centralia, which is 4 miles distant from Chehalis and located in 
► the same river valley, are considered fairly r^resentative and are 
the best that are available for this purpose. The weather data for 
the growing seasons of 1931 and 1932 for both localities are given in 
table 2. 
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It is noted that the mean minimum temperature *for the months 
of May, June, July, and August in both 1931 and 1932 was lower at 
Centralia than at Pullman. The mean maximum temperature at 
Centralia was liigher during May and June and lower during July 
and August than at Pullman. Thus it is evident that the daily 
temperature differences were greater on the coast, especially during 
May and Juno. 

In 1932 Pullman experienced a much greater number of clear days 
than Centralia and less than one-third as many cloudy days. In 
1931 the difference in the character of the day for the two localities, 
although appreciable, was not as groat. 

Pullman received only 1.81 and 1.84 inches of precipitation during 
the growing seasons of 1931 and 1932 respectively, as compared to 
5.13 and 3.35 inches for Centralia. Since the plants were watered 
regularly, they were not dependent on the rain for their moisture; 
but in all probability the difference in the precipitation and number 
of clear days had a direct effect on plant transpiration and the relative 
humidity of the air. 


Table 2. —Climatic data for Pullman and Centralia, Wash., froin May 10 to August 

10, 19S1 and Um 

PULLMAN 


Year and month 


1931: 

May... 

Juno--- 

July.. 

August. 

1932: 

May... 

June„- 

July,.- 

August. 







Days when 


Mean temperature 

C^haractcr of day 

precipitation 







was - 









Precip- 








Maxi¬ 

mum 

Mini¬ 

mum 

(’lear 

I’artly 

cloudy 

rioiidy 

Less 

than 

0 2 
inch J 

Over 

0 2 
incii 

itat ion 

op 

op 

Numberi 

Number 

Number 

Number^ 

Nu mber 

Inchr* 

69.4 

46 6 

10 

8 

3 

1 i 

1 

0.14 

70.2 

60.5 

12 


10 

5 j 

3 

1.37 

83.4 

54.6 

20 

9 

2 

0 

0 

.(X) 

82.0 

54.4 

10 

0 

1 

0 

0 

0 

.(X) 

63.9 

43.9 

12 

1 

5 

4 

5 

2 

1.29 

74,8 

51.3 

20 

6 

4 

0 

1 

.24 

78.8 

53.4 

21 

9 

1 

3 

1 

.31 

83. 7 

59.1 

8 

2 

0 

1 

0 

.00 


CENTKALIA 


1931: 









May.. 

74.3 

43.2 

10 

0 

5 

4 

2 

0.86 

June.. 

71,6 

47.8 

7 

8 

15 

11 

9 

4.18 

July.... 

81.1 

51.3 

24 

5 

2 

2 

0 

.08 

August.. 

81 3 

50.4 

7 

3 

0 

1 

0 

.01 

1932: 









May. 

66.6 

42.5 

8 

5 

8 

9 

1 

.58 

June. 

76.0 

47.5 

18 

6 

6 

5 

1 

.37 

July. 

72 6 

49.7 

12 

5 

14 

8 

3 

2.16 

August.... 

79.6 

52.1 

7 

0 

3 

4 

0 

.24 


I Includes days designated as trace. 


Because of the heavy rainfall at Centralia in June of 1931, the 
total exceeding 4 inches, water stood in the pails for a d^ or two 
after heavy rains and temporary waterlogging resulted. This may 
have had a slight effect upon the development of the crops. 
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CROP YIELDS 

EFFECT OF FERTILIZER TREATMENT AND SOIL TYPE 


It IS often observed that the application of the same fertilizers will 
not always give the same crop response under apparently similar 
conditions, perhaps because environmental factors other than ferti¬ 
lizers exert some influence. 

The individual crop yields as a result of different fertilizer treat¬ 


ments, sou type, and climatic 
Those of oats ranged from 10.0 
to 77.5 g and those of vetch 
from 1.5 to 46.4 g per pail. 
Considering the average yields 
of the 2 years for each of the 2 
crops as influenced by fertilizer 
additions alone, and disregard¬ 
ing soil type and climate, as 
shown in figure 1, it is evident 
that the 2 crops responded very 
differently to fertilizer treat¬ 
ments. The addition of nitro¬ 
gen alone resulted in a marked 
increase in yield of oats but 
depressed the yield of vetch. 
When phosphate was added in 
addition to nitrogen, both crops 
responded about equally in 


conditions showed extreme variation. 



Fioubk 1.—Effect of fertilizers on yields of oats and 
vetch (average of all experiments). 


yield, as compared to the nitrogen treatment. There is no clear-cut 
e\adencc that the doubling of the amount of phosphate fertilizer con¬ 
tributed materially to crop yields since the apparent increase in yield 
of vetch resulting from the NPCa treatment, which contained twice 
as much phosphate as the NP treatment, may have been caused by 
the addition of lime. 



FiGimE 2.—£Sect of soil type on yields of oats (A) and vetch (B) (average of 2 years and both locations). 

When lime was used in combination with other fertilizer elements, 
the oat yields were not materially affected, but the vetch yields were 
materiaUy increased. 

^ Potassium fertilizer in combination with the other fertilizers had 
very little effect on yield. • ^ ^ 

When soil types alone are compared, as in figure 2, it is evident 
that the same general effects are indicated but with greater or less 

371—85-^8 
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variation. Of the three soils studied, Felida demonstrated the greatest 
natural productivity and also produced the greatest yields as a result 
of fertilizer additions, except that the NPCa and the NPKCa treat¬ 
ments when used for vetch gave slightly better results on the 
Chehalis soil. 

The Olympic soil produced the lowest average yield of vetch. 
Vetch grown on this soil at Pullman the second year gave exceedingly 
low yields in the absence of lime—an average of 3.5 g—and high yields 
in the presence of lime—an Sjverage of 38.3 g. Since this condition 
was observed only at Pullman, it was decided to repeat the experiment 
with vetch on this soil the third year. The same relative results 
were obtained. This observed difference in response between the 
two locations may be partially due to the small amount of calcium 
present in the water used on the coast. 

EFFECT OF CLIMATE 

Although certain tendencies in the yield of oats and vetch appear 
to be characteristic effects of fertilizer treatments and soil types, 
climatic variations may also be expe(»ted to modify these results. 



■■I PULLMAN f ' ..I COAST 

f'KiiTHK 3 - F^ITect of local climate on yields of oats LI) and vetch (/O (aveniKe for all soils for 2 years) 

The average yield for all soils for 2 years for each crop in each location 
is shown in figure 3. It is observed that oats yielded more at Pullman 
than on the coast, especially in the soils treated with P, K, and Ca 
in various combinations. Vetch in the presence of lime also yielded 
more at Pullman than on the coast. However, in the absence of lime 
higher yields of vetch were obtained on the coast. 

The climatic effect is not necessarily limited to different localities 
but may exert its influence in the same locality in different years, as 
has been pointed out by Caldwell {3) and as can be seen from an 
analysis of the data presented by Delwiche and Tottingham (5), 
Dickson (6*), and Frankena {10). Similar results are indicated in 
figure 4, where the average yields of oats and vetch for the three 
soil types are illustrated for 1931 and 1932. 

The yield of oats was greater at Pullman than on the coast in 1931 
but the reverse was true the following year except for the NPCa 
treatment. The difference in the yield of vetch between the two 
localities was not as great as for oats the first year, although in general 
the better yields were obtained at Pullman. In 1932, vetch in the 
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absence of lime gave considerably greater yields on the coast but when 
lime was present, as already explained, the yields at Pullman were 
greater. This deference in response the second year was probably 
due to an actual shortage of calcium as a nutrient, and as a result of a 
greater total removal of calcium at Pullman this deficiency appeared 
there first. 

The effectiveness of any particular fertilizer, as indicated by yields, 
may yary with the different seasons, as is shown in fi^ire 4. In 
1931 in both locations the addition of nitrogen to vetclh increased 
the yield, whereas in 1932 the yield was reduced when nitrogen was 
added. This lack of response the second year may have been due to 
better inoculation. 

When phosphate was supplied in addition to nitrogen, the yield of 
vetch grown on the coast was reduced in 1931 and increased in 1932, 
while at Pullman the reverse was true. 

At Pullman the addition of lime reduced the oat yields in 1931 and 
increased them in 1932; it was only slightly beneficial for vetch in 
1931 but greatly increased the yield in 1932. On the coast the addi¬ 
tion of lime had very little influence on the yield of either oats or 



Fkiurk 4.--Eflfecl of local climate in dillerent years on ih© yield of oats {A) and vetch (U) (average for all 

soils), 1931 and 1932. 

vetch in 1931 or 1932. The small amount of lime supplied by the 
water used may partially account for the lack of response. 

A careful analysis of the data on yields reveals certain outstanding 
facts. The results clearly indicate that in evaluating the effect of 
fertilizers on crop yields, the kind of crop, the soil type, and the 
climatic environment must be considered as well as the kind and 
amount of fertilizers applied. Although suitable quantities of the 
proper co.mbination of fertilizers resulted in a generous crop response 
m all cases, the average increase in yield for the 2 seasons on the 3 
soils irrespective of location was approximately 87 percent for oats 
and only about 42 percent for vetch. As for the influence brought 
about by soil type disregarding climatic environment, the extremes 
in the average increase in yield for oats for the 2 seasons varied from 
155 percent for the Chehalis soil to 67 percent for the Felida soil, and 
for vetch from 126 percent for the Olympic soil to 21 percent for the 
Felida soil. 

It is a common experience in field experiments to find that repeated 
applications of the same fertilizers to the same soil do not give the 
same results from year to year. Variations in available moisture and 
especially a deficiency of moisture are generally accepted as the major 
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responsible factors. Since these factors were entirely eliminated in 
these experiments by providing an adequate supply of available 
moisture for the crops at all times, other climatic factors undoubtedly 
had an important bearing on the crop growth. Arthur {1) pointed 
out that light intensity and light quality as well as other climatic 
factors and soil conditions affect plant growth. When the yields of 
the 3 soils for the 2 seasons are averaged, the results show that the 
most favorable fertilizer treatment resulted in a 111 percent increase 
in the 5 deld of oats at Pullman and only an 89 percent increase on the 
coast. The yield of vetch, when calculated on the same basis, 
returned a 67 percent increase at Pullman and only a 13 percent 
increase on the coast. 


CHEMICAL COMPOSITION 

EFFECT OF FERTILIZER TREATMENT AND SOIL TYPE 


The effect of fertilizers on the composition of crops is somewhat 
of a controversial matter, perhaps because environ.mental factors other 
than fertilizers exert their influence. Goricke {11) suggests that some 
of the unexplained discrepancies that commonly are encountered in 
comparative studies on plant salt requirements and the application of 
fertilizer to agricultural soils may be related to climatic influences. 




Figure 6.— Effect of fertilizers on the chemical composition of oats (A) and vetch (B) (average for all soils 

for 2 years and both locations). 


Considering the effect of fertilizers from the standpoint of crops 
alone, and disregarding soil type and climate as is indicated in figure 
5, the average composition of oats and vetch grown during two 
different seasons was most affected by the additions of phosphate 
fertilizers and lime. Wlien a phosphate fertilizer was added to the 
soil, the percentage of phosphorus in both oats and vetch was increased 
above that in oats and vetch which received fertilizer other than 
phosphate but not above that in the unfertilized plants. The 
addition of lime to the soils caused an increased percentage of calcium 
in both oats and vetch above that of plants grown on soils which 
received no lime. The presence of lime also slightly increased the 
potassium content of both oats and vetch. The addition of nitrogen 
alone definitely reduced the percentage of phosphorus and calcium 
in both oats and vetch. This tendency seemed to be apparent in 
regard to the phosphorus content of oats even when nitrogen was 
used in combination with the other fertilizers. This may be partially 
accounted for by increased yields resulting from the nitrogen fertilizer, 
since the oats were considerably more affected in this respect than 
the vetch. 
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Wlien soil types alone are considered, however, it is evident that 
although the same general effect is indicated the different soils show 
considerable variation, especially in the phosphorus and calcium 
content of both crops. This is shown in figure 6. Oats and vetch 
grown on Olympic soil, in general had a lower phosphorus and calcium 
content than those grown on the other soils. The application of 
phosphate to the Olympic soil did not generally increase the phos¬ 
phorus content of these crops, but when applied to the Felida and 



■■ OLYMPIC t "i CHEHALiS iillHllllHil FELIDA 

Figure 6.— Effect of soil type on the chemical composition of oats and vetch (average for 2 years and both 
locations): A to D, Oats; E to H, vetch; A and nitrogen content of crop; B and F, phosphorus content 
of crop; C and 0, potas^um content of crop; D and H, calcium content of crop. 


Chehalis soils, it resulted in a uniform rise of the phosphorus content 
of the vetch but not of the oats. The addition of lime markedly 
increased the calcium content of oats on the Olympic soil and only 
slightly on the other soils. The influence of soil type was less apparent 
in regard to the calcium content of vetch when lime was used, but 
again the greatest effect was obtained on the Olympic soU. Fonder 
(7, 8, 9) also foimd a considerable variation in the magnesium as well 
as in the calcium content of alfalfa, beans, and peas when grown^on 
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different soil types under the same general climatic conditions in the 
same locality the same year. The general depressing effect of nitrogen 
fertilizer on the phosphorus content of the crops, although greater on 
the Olympic soil, was never completely overcome on either the Che- 
halis or the Felida soil by any of the fertilizer combinations regardless 
of the relatively large amounts of phosphate fertilizers used m some 
of the treatments. 

The nitrogen and potassium content of the crops was much less 
affected by soil type. The results for nitrogen are in accord with 
those obtained by Delwiche and Tottingham (5) and Le Clerc {12)y 
wlio found that the percentage of nitrogen in the crops they studied 
was influenced only slightly by soil type even though great variation 
in types existed. 




CHECK N NP NPCa NPKCa NCa CHECK N NP NPCa NPKCq NCa 
■■I NITHOGEN r~n phosphorus i!lj!l!lli!IH potassium calcium 

Figure 7.~-EfTect of local climate at Pullman (Ap B) or on the coast (C, D) on the chemical composition of 
oats (A, C) and vetch (B, D) (average for all the soils for 2 years). 


The percentage of a specific element in a plant may be somewhat 
dependent on the interaction of the soil with the specific element added 
as a fertilizer. For example, when phosphate m combination with 
nitrogen was added to the Olympic soil, it resulted in a decrease in 
the phosphorus percentage of both oats and vetch below that of 
nitrogen alone but when added to Felida an increase in phosphorus 
content was observed. 


EFFECT OF LOCAL CLIMATE 

Although certain definite tendencies in the comp( 3 sition of oats and 
vetch appear to be characteristic effects of fertilizer treatments and 
soil types, these are undoubtedly modified by climatic influences. 
This was very strikingly shown when the average composition of the 
two crops was considered, as indicated in figure 7. It was found that 
the percentage of phosphorus was higher and the percentage of calcium 
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was lower on the coast than at Pullman. This phosphorus-calcium- 
climate relationship has been observed also in unpublished work done 
in this laboratory when the composition of alfalfa grown on the coast 
was compared with that of alfalfa grown in the irrigated valleys of the 
central part of the State. This cannot be entirely attributed to 
annual climatic changes, as the same general comparison was ob¬ 
served in 1931 and in 1932. 

The data in table 2 show that the total number of clear days was 
greater and the precipitation lower at Pullman than on the coast for 
both years. This fact, which corresponds with the results of Mac- 
Millian^s work {13) in which he concluded that localities with higher 
elevation and lower relative humidities receive a greater total amount 
of ultraviolet rays, indicates that the amount of ultraviolet light 
received at Pullman should bo greater than that received on the coast 
for both years. Since Wynd and Fuller (16) found that tomato and 
cucumber plants subjected to ultraviolet radiation contained a higher 
percentage of calcium and a lower percentage of phosphorus than 
unradiated plants, it seems that the amount of ultraviolet radiation 
may be one of the important factors that determined the observed 
phosphorus-calcium relation between the two different localities. 

A])plication8 of lime were more effective in increasing the calcium 
content of both oats and vetch at Pullman than on the coast. The 
calcium content of the water used on the coast did not have any 
appreciable effect on the observed results if the chemical composition 
of the oats and vetch grown is used as a criterion, for in all cases 
except the NP and NPKCa treatments of the latter crop the cal¬ 
cium content was lower on the const. 

There was very little difference in the nitrogen and potassium 
content of the oats grown in the two localities, wliile for vetch the 
potassium content was higher on the coast and the nitrogen content 
higher at Pullman. 

The climatic effect was not limited to different locations but showed 
its influence in the same localities in different years. This was also 
sliown in the work of Caldwell 0), Frankena (iO), and Dickson (6*). 
The results are illustrated in figure 8 in wliich the composition of 
the same crop grown in the same locality is graphed separately for 
each year. 

The percentage of nitrogen in vetch was higher in 1932 than in 
1931 for both localities, wlule in oats the nitrogen content was higher 
at Pullman in 1931 tlian in 1932 and on the coast no consistent 
results were observed. The phosphorus and potassium content of 
both oats and vetch, on the coast and at Pullman alike, was more 
or less greater in 1931 than in 1932, but the calcium content was 
not uniformly affected by seasonal climatic variations in either 
locality. 

The existing differences in the mean daily temperature, in con¬ 
dition of the day, and in precipitation in the same locality in differ¬ 
ent years did not seem to exert any appreciable effect on composi¬ 
tion. It is possible that other climatic factors may ^ the dominant 
ones as far as climate is concerned when composition changes are 
produced, or the cause may be a balance between all climatic factors. 

In recent years considerable significance has been attached to the 

{ )hosphorus and calcium content of feeds for livestock. It has been 
ound that livestock fed on pasturage and hay containing these 




Figure 8.— Effect of the climate of different years on the chemical composition of oats and vetch (average 
of all soils), 1931 and 1932: A to D, Oats; E to II, vetch; A and E, nitrogen content of crop; B and F, 
phosphorus content of crop; Cand O, potassium <»)ntent of crop; D and II, calcium content of crop. 

was not at the critical point, and consequently there was no urgent 
need for improvement of quality. The oats and vetch grown on 
the three soils employed here are typical examples. Nevertheless, 
applications of phosphates and lime to these sous counteracted the 
depressing effect of nitrogen on the phosphorus and calcium content 
ef the crops, and although this beneficial influence was modified in 
varying degrees by soil type and climatic factors, it was general in 
all cases. If corresponding results can be obtained on soils that are 
so deficient in available phosphorus and calcium as to result in crops 
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with an abnormally low content of these elements, it seems that it 
should be possible to secure improved quality of crops as well as 
profitable returns when proper amounts of suitable fertihzers are 
applied to the soil. 

SUMMARY AND CONCLUSIONS 

Three of the more important soil types of southwestern Washington 
were selected for a series of pail experiments to study the effect of 
fertilizera, soil type, and local climate on the yield and chemical 
composition of oats and vetch. Duplicate sets of the same soil were 
used, one in the coastal climate of southwestern Washington in the 
ocaJity from which the soil was originally obtained and the other 
in the semiarid climate at Pullman. The results indicate that ferti¬ 
lizers, soil type, and local climate may have an important effect upon 
the yield and chemical composition of crops. 

Fertilizer additions materially changed the yield of oats and 
vetch, the two crops responding ^fferentiy to applications of nitrogen 
and lime and similarly to applications of phosphate and potassium. 
The chemical composition of the crops was likewise influenced by the 
use of fertilizers. Additions of nitrogen depressed the phosphorus 
and calcium content of both crops while additions of phosphate and 
lime increased the phosphorus and calcium content of the plants above 
that of the plants which received nitrogen fertilizers alone but not 
above that of the unfertilized plants. 

The inherent soil characteristics, reflected in soil type, had a marked 
influence on the yield and chemical composition of the two crops. 
The same plant species showed a different relative response to the 
same fertilizers when gi’own on different types of soil. The percent¬ 
age of calcium and phosphorus in the crops was especially affected 
by soil type, while the percentage of nitrogen and potassium was only 
slightly affected. 

Climatic differences, excluding moisture, between the two localities 
also influenced the yield and chemical composition of oats and vetch. 
In general, the higher yields were obtained at Pullman. The srane 
crops grown on the same soil under the same cultural conditions 
contained, on an average, a higher percentage of phosphorus and a 
lower percentage of calcium when grown in the coastal climate of 
southwestern Washington than they did when grown in the semiarid 
climate of Pullman. The effect of the addition of lime on the calcium 
content of both crops w.as more pronounced at Pullman than in south¬ 
western Washington. The difference in the character of the light in 
the two localities probably resulted in a difference in the amount of 
ultra violet rays received by the plants, and this seemed to be related 
to the observed results in cotaposition. It is evident that the dom¬ 
inant climatic factors involved are those other than temperature and 
precipitation. 

The yield and chemical composition of the same crop on the same 
soil under the same cultural conditions may vary from year to year 
as a result of local climatic variations. 
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PEAR ROOT CONCENTRATION IN RELATION TO SOIL- 
MOISTURE EXTRACTION IN HEAVY CLAY SOIL ‘ 


By W. W. Aldrich, assistant horticulturist, Division of Fruit and Vegetable Crops 
and Diseases, Bureau of Plant Industry; R. A. Work, assistant irrigation engi- 
neevy Division of IrrigatioUy Bureau of Agricultural Engineeringy United States 
Department of Agriculture; and M. R. Lewis, irrigation and drainage engineery 
Oregon Agricultural Experiment StatioUy and agricultural engineery Division of 
IrrigatioUy Bureau of Agricultural Engineeringy United States Department of 
Agriculture 

INTRODUCTION 

In the study of pear irrigation in the Rogue River Valley of Oregon 
it became important to determine those soil zones from which mois¬ 
ture was extracted most rapidly and also to learn whether such zones 
of greatest moisture loss corresponded to zones of greatest root con¬ 
centration. The work carried on during 1931 and 1932 in heavy 
clay soil shows a clear-cut relation between observed root concentra¬ 
tion and rate of soil-moisture extraction and provides some definite 
information as to the actual distribution and concentration of pear 
roots in this heavy clay soil. 


SOIL-MOISTURE EXTRACTION BY ROOTS 

METHOD OP MEASURING 

The rate of soil-moisture extraction by the tree roots was measured 
by determining th(‘. decrease in soil-moisture content at difl*erent 
depths and at difterent distances from the trunk, during specific 
periods when no moisture was added to the soil. Soil samples were 
taken with the improved King tube in 1-foot increments from the 
under side of the mulch to bedrock, the depth of sampling never 
exceeding 8 feet. In the case of trees X-40 and MM“33, with no 
cultivation since the previous fall, there was no mulch, so sampling 
started at the surface. Standard methods were used in determining 
the moisture content of the samples. Obviously erroneous determi¬ 
nations were discarded. 


TREES USED IN 1931 

In the Fitch orchard one 24-year-old Bartlett tree (French roots), 
in a block planted 24 feet on the square, was used. This tree had a 
trunk circumference of 48.5 cm and a top volume of about 270 cubic 
feet. The soil is Meyer silty clay loam, 5 feet deep to a sandstone 
bedrock. The last irrigation for the season, on June 24, brought the 
soil moisture almost to the field capacity. 

In the Klamath orchard one 26-year-old Anjou pear tree (French 
roots), in a block planted 26 feet on the square, was selected. This 
tree had a trunk circumference of 68.7 cm and an average limb spread 
of about 6.2 feet radially from the trunk. The soil is Meyer clay 

> Kooeived for publication Feb. 18, 1936; Issued July 1935. Cooperative studies on Irrigation of pears 
near Medford, Oreg., carried on by the U. S. Department of Agriculture and the Oregon Agricultural 
Experiment Station. 
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adobe, 4 feet deep to shale and marl bedrock. When this tree was 
irrigated for the last time, on July 16, the soil moisture was brought 
to 90 percent of the field capacity m the upper 4 feet. 

Soil samples were taken along the four diagonals, the first sample 
2 feet from the trunk and each succeeding sample 2 feet farther out, 
on the diagonal next in order, the outermost sample being 18 feet 
from the trunk. In addition, duplicates at 6 and at 12 feet from the 
trunk were taken on one side of each tree. 

TREES USED IN 1932 

Two large and vigorous Anjou pear trees (French roots) in the 
Medford experiment station orchard were used. Tree X-4() had a 
trunk cii’cumference of 73 cm and about 39,000 leaves. Tree MM-“33 
had a trunk circumference of 96 cm and about 70,000 leaves. The 
limb tips of tree MM“33, in a block planted approximately 26 feet 
on the square, nearly met those of adjacent trees; but between the 
limb tips of tree X-40, in a block planted approximately 30 feet on 
the square, and those of adjacent trees there was considerable space. 

To isolate the soil mass around these two trees from the effect of 
roots from adjacent trees and from water seepage, trenches 20 inches 
in width were dug during March around four sides of a rectangle 
surrounding each tree. For Anjou X-40, in deep soil, the trench 
was excavated to the water table, a depth of 9 feet; for Anjou MM-33, 
in shallow soil, the trench was dug to a depth of 4 feet, or about 6 
inches into the crumbling shale bedrock. After the inner sides of 
each trench were lined with single-ply tar paper fastened to boards 
extending 4 inches above the ground surface, the seams in the paper 
were tarred and the trench was filled in. The soil surface was left 
uncovered and all weeds were removed. The upward or downward 
movement of moisture from the soil mass was unobstructed by 
artificial barriers. With good natural drainage and practically no 
summer rainfall, no drainage of the soil mass, as provided in the 
experiments of Oskanip (JfJ),* was necessary. For tree X-40 the 
isolated soil mass was 30 feet square; for tree MM--33 it was 27.0 
feet long and 25.5 feet wide. 

One sampling location was at the base of the tree. On each of one 
pair of opposite diagonals samples were taken at 2, 6, 10, 14, and 18 
feet, respectively; on each of the other pair samples were taken at 
4, 8, 12, and 16 feet, respectively. 

To ascertain soil-moisture variations unaffected by active tree 
roots, similar walls were put around two cylindrical cores of undis¬ 
turbed soil, 36 inches in diameter, one core being adjacent to each of 
the trees. Soil-moisture samples from these cores free of active roots 
were taken at the same dates as those from the root-containing area. 

IRRIGATION PLOTS USED IN 1932 

During 1932 additional information upon the relative soil-moisture 
decreases at different positions around moderate-sked Anjou trees 
was available in the soil-moisture data from four experimental irriga¬ 
tion plots. In these plots, each containing 0.88 acre and from 14 to 
17 experimental trees, soil samples were taken in 1-foot increments to 
bedrock lying at depths of 4 to 6 feet, at definite locations 4, 7.5, 

f H«ference is made by number (italic) to Literature C4ted, p. 987. 
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10, 11.5, and 13 feet from the trunks. In each plot, these positions 
were quadruplicated. Thus for each plot there were at each sampling 
from 16 to 24 separate determinations (four series, each consistii^ of 
one sample for each foot in depth) for each distance from the tree, 
and 20 separate determinations for each depth to 4 feet. The periods 
of soil-moisture decrease during the summer, selected for study of 
water extraction by the roots, were not the same for all plots. 

SOIL-MOISTURE EXTRACTION AT DIFFERENT DEPTHS 

After the spring cover crop had been disked under, one or more 
periods during the summer when soil-moisture decrease was rapid and 
unaffected by rainfall or irrigation were selected for each tree or 
group of trees. During these periods soil moisture did not decrease 
to the wilting pointy at any depth. The average soil moisture 
content for each foot in depth, based on the average for all distances 
from the trunk, was calculated for the beginning and for the end of 
each selected period. The difference between these, two averages 
gave the average soil-moisture decrease for any one depth during 
this period. Because the total amount of moisture extracted was 
not the same for all trees or plots, the amount of moisture extracted 
in each case was expressed as percentage of the sum of the moisture 
decreases for all depths. This percentage, considered the relative 
rate of moisture extraction for that depth, is then comparable with 
that for any other tree or plot. 

For the Bartlett and Anjou trees studied in 1931, it was assumed 
that moisture loss bv direct evaporation from the soil was too slight 
to be considered, t'he extent of such loss was measured in 1932 by 
the isolated cores of soil, containing no active roots. It was found 
that in the top foot of the core the moisture decreased for about 30 
days, but in the lower depths moisture changes were negligible. 
The moisture decrease in the top foot of the core for tree X-40 was 
0.07 percent per day, and for tree MM-33 it was 0.11 percent per day. 
Therefore, in calculating water extraction by the roots for trees X-40 
and MM-33, this estimated loss was subtracted from the average 
soil-moisture decrease of the first foot only. Since evaporation loss 
from the four irrigation plots was not known, a correction of 0.092 
percent per day (average of losses from trees MM-33 and X-40) was 
arbitrarily used for the first foot only in each plot. 

The relative rates of extraction of moisture from each depth for 
Fitch orchard Bartlett, Klamath orchard Anjou tree X-40, tree 
MM-33, and the four irrigation plots are given in table 1. 

The greater relative moisture extraction in the top foot of jilot C 
(table 1) was perhaps partly due to the more frequent irrigation of 
this plot, which resulted in a continuously higher moisture content, 
probably with correspondingly greater surface evaporation loss, in 
the top foot of this plot than in the top foot of the other plots. 

»In this statement, ‘‘soil moisture” refers to average moisture content of sample of soil taken with King 
tube. 
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Table 1. —Relative rate of eoiUmouture extraction at different depths and at dif¬ 
ferent distances from the trunk for Fitch orchard Bartlett^ Klamath orchard Anjou, 
tree X-40, tree MM~33, and the four irrigation plots 

AT DIFFERENT DEPTHS» 


Depth or distance (feet) 

Fitch 

orchard 

Bart- 

lett 

Kla¬ 

math 

orchard 

Anjou 

Tree 

X-40* 

Tree 

MM~33 

Irrigation plot 

Average» 
for trees 
in soil 4 
feet deep 

A 

B 

c 

D 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

0“1.- 

39 

35 

4 30 

*34 

* 32 

*36 

* 45 

*33 

34 

1-2.... 

2.5 

27 

35 

28 

27 

28 

23 


28 

2-3- ..— 

18 

20 

23 

23 

22 

25 

13 

14 

22 

3-4. 

9 

18 

12 

16 

19 

12 

11 

13 

10 

4-5 . .. 

9 

(4) 


(*) 

(®) 


8 

12 


5-6 .- 

(») 

(‘) 


w 

(») 

h) 

(») 

5 







AT DIFFERENT DISTANCES FROM TRUNK » 


0.. . .... 

50 

55 

75 

120 





75d=10. 

2.. 

80 

80 

100 

135 





99dt 8. 

4... 

135 

125 

106 

HO 

105 

90 

146 

115 

116± 4.i 

6_..... 

90 

95 

105 

100 


. 

_ 


98db 2 

7 5or8-.. 

120 

110 

130 

100 

100 

1.30 

95 

110 

112d= 3. 

10..- 

85 

80 

85 

90 

95 

95 

95 

100 

91± 1. 

11.5 or 12. - 

80 

110 

105 

100 

100 

105 

65 

65 

4. 

13 or 14--_. 

80 

76 

75 

100 

100 

80 

100 

no 

90=fc 3. 

16... .. 

80 

100 

75 

105 





90±16. 

18.. 

85 

130 


95 





86=fc:1.3. 







.1 





> Extraction at each depth is expressed as percentaite of total extraction for all ilepths 
2 Calculated for top 4 feet only, although soil was 9 feet deep. 

2 Based on Klamath orchard Anjou, tree MM-33, ami irrigation plots A and B. 

< Corrected for surface evaporation. 

« Rock occurred at this depth 

B Extraction at each distance is expressed as percentage of average of extraction at 4, 8, 10, 12, and 14 feet 
for individual trees, and at 4, 7.5, 10, II 5, and 13 feet Tor irrigation plots. 


For the trees in soil just 4 feet deep, the first foot showed the 
greatest average extraction (34 percent); the top 2 feet, 62 percent; 
and the top 3 feet, 84 percent. The 3- to 4-foot zone showed only 
16 percent. Although some roots penetrated the underlying shale 
bedrock, the moisture extracted by such roots was probably very 
small in proportion to that extracted in the top 4 feet. 

SOIL-MOISTURE EXTRACTION AT DIFFERENT DISTANCES FROM TRUNK 

In the determination of the soil-moisture extraction at each distance 
from the trunk, the average for all depths was used. Since the 
sampling locations for the individual trees were not all at the same 
distance from the trunk as were the locations for the irrigation plots, 
a special method of presentation has been used to make all the data 
comparable. The sampling locations for the individual trees at 8, 
12, and 14 feet from the trunk are considered comparable to the loca¬ 
tions at 7.5, 11, and 13 feet, respectively, for the irrigation plots. 
The relative rate of moisture extraction at any location for the indi¬ 
vidual trees has been expressed as percentage of the average extrac¬ 
tions of locations 4, 8, 10, 12, and 14 feet from the trunk; whereas the 
relative rate of moisture extraction for any location in the irrigation 

I dots has been expressed as percentage of the average extractions of 
ocations 4, 7.5, 10, 11.5, and 13 feet from the trunk. The data, thus 
expressed, are ^ven in table 1. 

Both the individual trees and the irrigation plots show considerable 
variation in relative rate of moisture extraction at any given distance 
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from the tree. For the individual trees the small number of soil samples 
at each location might explain the variability, but for the irriga¬ 
tion plots the variation is more than might be expected for the average 
of 4 to 7 periods of extraction for four series of sampling holes. Such 
variation does not permit any meaning to be attached to tree or plot 
differences. However, the average relative rate of extraction for 
each approximate distance shows that the extractions at 4, 6, and 7.6 
or 8 feet from the tree were slightly but not always significantly 
greater than at the base of the trunk or at distances greater than 8 
feet from the trunk. At distances between 10 and 18 feet from the 
trunk the average rates of extraction were about the same. 

ROOT DISTRIBUTION 

ROOT COUNTS 

When the trenches around trees X-40 and MM 33 were dug, the 
inner trench wall on two sides of each of the trees was divided into 
foot squares with chalk lines. Wlien all roots along the wall were 
exposed by picking away the soil with a small ice pick, the number of 
roots below I mm in diameter in each square was recorded. The 
average number of such roots per square foot for each depth is given 
in table 2. Since there was no surface mulch, depths were mcasxired 
from the soil surface. 


Table 2. — Average number of roots less than 1 inrn in diameter for each soil depth 
for trees X 40 and MM SS 

(Data exprosvsod as nuna>er of roots in 1 square foot on the side of a treueh and as percentage of total) 


Depth 

(feet) 

0-1 _ .! 

1-2 

Tree X-40 reots 

Tree MM-33 roots 

Depth 

(feet) 

Tree X-40 roots 

Tree M M- 33 roots 

Ar« mber 

9. t)±Q 58 
IS 0± .81 
19 9dz . 83 
12 i± 73 

Per¬ 

cent 

U 

21 

23 

14 

Number 

14.8±0 74 
16 6± 68 
V^.i± .55 

7. . 47 

Per¬ 

cent 

28 

32 

26 

14 

4- 5. 

5- 6. . 

Number 
2.0±0 10 
12 4:tl 02 
7.31r .72 
6.3dr .00 

Per¬ 

cent 

2 

14 

8 

7 

Number 

Per¬ 

cent 

2-3 

6-7.. 



3-4 

7-9. 








For tree X-40 tho greatesst number of roots below 1 mm in diam¬ 
eter occurred in the second- and third-foot depths, with the next 
greatest number in the first-, fourth-, and sixth-foot depths; between 
4 and 6 feet below tho surface a sandy clay stratum containing deposits 
of lime had very few roots. Below 6 feet the silty clay-loam subsoil 
contained pockets of dark-colored clay, in which most of the roots at 
that depth were found. 

The number of roots in each of the upper 4 feet, expressed as per¬ 
centage of the total roots in the top 4 feet, was for the 0- to 1-foot 
depth, 16 percent; for the 1- to 2-foot depth, 30 percent; for the 2- to 
3-foot depth, 33 percent; and for the 3- to 4-foot depth, 21 percent. 
This distribution of roots does not correspond to the relative rate of 
moisture extraction observed along diagonals extending out from the 
trunk (table 1). This lack of agreement may have been caused by 
vertical movement of soil moisture or by the difference in the root 
distributions at the soil-sampling locations from those in the trench 
proffle. It is also possible that tne root distiibution nearer the trunk 
would differ somewhat from that obtained in a trench 15 feet from the 
trunk. 
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For tree MM~33, the first and second foot each contained about 
30 percent of all the roots observed to a depth of 4 feet; the third foot 
contained 26 percent; and the fourth foot contained 14 percent. 
This distribution agrees fairly closely with the rate of moisture 
extraction at each depth for this tree (table 1), wliich showed 34, 28, 
23, and 15 percent, respectively, in each foot between the surface and 
a depth of 4 feet. 

ROOT WEIGHTS FOR TREE MM~B8 

In October 1932 the distribution of small visible roots around tree 
MM~-33 was determined in order to learn how closely the concen¬ 
tration of such roots at different positions corresponded to the 
observed relative rate of moisture extraction. The distribution of 
visible roots was deteimined by a method somewhat similar to that 
reported by Rogers and Vyvyan and by Furr and Magriess (6*). 
A trench 24 inches wide was dug along each of the four diagonals 
from the trunk to a distance of 14 feet from the tree. To a depth of 
6 inches below the surface, the soil was removed separately from 
zones 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 10, 10 to 12, and 12 to 14 feet, 
respectively, from the trunk. All the roots in each zone were sepa¬ 
rated from the lumps of sticky soil by hand, air-dried for approxi¬ 
mately half an hour, separated into throe groups according to size, 
and weighed to 5 mg. When the first 6 inches of soil in one trench 
had been removed, the next 6 inches was taken out in a similar manner; 
subsequently, the second 12 inches, the third 12 inches, and, finally, 
the lowest 12 inches. These operations were repeated for all four 
trenches. The weight of roots under 2 mm in diameter per cubic foot 
of soil (termed ^^root concentration for each zone is given in table 3. 

In view of the variability of root concentration for different 
locations, the trend of root distribution can be more clearly seen in 
the figures for average concentration for each depth and for each 
distance from the trunk. 

The distribution of roots to a depth of 4 feet is shown in the next 
to the last column of table 3, which gives the average root concentra¬ 
tion at each depth. It is evident that the greatest concentration 
of small roots occurred between 6 and 12 inches below the surface. 
This depth had nearly twice the average concentration of the 12- to 
24-inch depth. The 24- to 36-inch depth and the 36- to 48-inch 
depth had each a lower root concentration than the layer just above. 
The 0- to 6-inch depth, which shows about one-quarter of the con¬ 
centration found in the 6- to 12-inch depth, actually had almost no 
roots in the top 4 inches, as most of the roots were confined to a layer 
between 4 and 6 inches deep. The average concentration for the 
entire 0- to 12-inch depth, however, was about the same as that for 
the 12- to 24-inch depth. 

The relative concentrations of roots for each foot in depth, expressed 
as percentages of the sum of the concentrations in the top 4 feet, given 
in the last column of table 3, were 35, 33, 21, and 11, respectively, for 
the first, second, third, and fourth foot in depth. These figures for 
root concentration are directly comparable with figures expressing 
the relative moisture extraction for these depths, which are (table 1) 
34, 28, 23, and 15. Statistical comparison^shows a correlation 
+0.95 ±0.04, in(hcating that for each depl^hT^average^moisture 
extraction was directly proportional to the concentration" of small 
.ywble roots. 
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Table 3. Concentration of visible pear roots less than ^ mjn in diameter^ for tree 
MM-SSf in, clay adobe soil SYi feet deep to shale bedrock 

[ Data given as grams of roots per cubic foot of soil] 


Roots in soil zone at indicated distance from trunk 


Depth 

(inches) 

Trench 

location 


age 
root 1 
concen¬ 
tra¬ 
tion 

tive 

root 

concen¬ 

tra¬ 

tion* 

0-2 

feet 

2-4 

feet 

4-41 

feet 

6-8 

feet 

8-10 

feet 

10-12 

feet 

12-14 

feet 

! 



Oramn 

Qrams 

Oraina 

Orama 

Orama 

Grama \ 

Orama 

Orama 

Percent 


(SW. 

1 6 

4.1 

4 4 

4.0 

2.7 

3.0 

hA 




IvSR. 

1.4 

3.6 

2.6 

2.4 

3.9 

i 4 

1.6 




Inw.. . 

1.6 

.9 

1.4 

.8 

2.3 

2.1 

2. 7 




Ink.. 

1 5 

4 9 

2.0 

1.3 

1.8 

1.8 

1.6 




Average.--. 

1 5 

3 4 

2.6 

2 1 ^ 

2.7 

2.1 

1.8 

2.3 



(8W. 

10.7 

10.0 

8.8 

8.5 

7.8 

6.0 

4.7 




jSE.. 

5 3 

18 6 

11.0 

12.2 

7.0 

6.7 

4.3 ; 




. 

5.2 

9.6 

10 9 

10.1 

7.9 

10 6 

6.1 




Ink. 

5.4 

7.8 

14.4 

11 0 

12.4 

11.0 

16.1 




Average.. 

6.7 

11.6 

11.3 

10.5 

8.8 : 

8.3 

7.3 

9.2 


(M2. 

-- . do__ 

4.1 

7 4 

6 9 

6.3 

6.7 

6.2 

4.6 

5.7 

35 


fSW.. _ 

6 0 

5.0 

5.7 

5 0 

5.2 

6.6 

7.6 



12-24_ 

JsE-. .. 

8.4 

6 7 

6.0 

5.4 

4.g 

4.5 

3.8 



iNW..... 

4 4 

8.4 

8.3 

5.7 

2 9 

2.8 

6.1 




INK. 


3 9 

8.6 

4 4 

4.2 

4.1 

4.8 




Average.- 

6.3 

6 0 

7.2 

5 1 

4.3 

4.5 

5.3 

5.5 

33 


fSW. 


4 0 

3 i 

5.6 

3.8 

4 8 

3.0 



24-36.. 

8E. 


3 8 

4 3 

5 2 

3.9 

4.1 

3.8 




NW. 

i' 2 2 

3 1 

1 8 

3 1 

2 0 

3.1 

2 3 




NE. .. . .. 


3.8 

2.6 

3.4 

2.8 

4 2 

3.3 

. 

. 


Average 

2 2 

3.7 

3.0 

4.3 

3.1 

4 I 

3.1 

3.4 

21 


(SW 


.9 

2 3 

‘ 2 3 

2.1 

r,H 

.9 




JSE. 


2 1 

2 2 

2.1 

2.7 

2.0 

2. 1 



- _ 

Inw.. . 

1 5 

3.7 

2,1 

.5 

.5 

.5 

1 1 




Ine_ 

'- 

1.7 

1.6 

2.6 

1.1 

1.5 

2.6 




Average.. 

1.5 

2 1 

2 1 

1.9 

1.6 

1.5 

1.7 

1.8 

11 

0-48_ 

- do. 


4.8 

4.8 

4.4 

3.7 

3 8 

3.7 

4.1 


Relai 

live root conceti- 

PercerU 

Percffit 

Percent 

Percent 

Percent 

Percent 

Percent 



tration *.| 

83 

114 

114 

105 

88 

90 

88 




> Percentage of total roots in top i feet. 

* Percentage of average concentration >»etween 4 and 12 feet from trunk. 


The lateral distribution of roots from the trunk is indicated by the 
average root concentration for all depths (based on averages for 
entire 12-inch depth increments) for each distance from the trunk. 
These averages sliow a slightly lower root concentration between 0 
and 2 feet from the trunk and between 8 and 14 feet from the trunk 
than between 2 and 8 feet from the trunk. However, these differences 
are not great, indicating that roots penetrate soil zones in the middle 
of tree rows nearly as well as those zones nearer the trunk. 

Kelative root concentrations at each distance from the trunk are 
shown in the last line of table 3, with concentration expressed as 
percentage of the average of the concentrations between 4 and 12 
feet. Thus the relative root concentrations in the 0- to 2-foot, 2 to 
4-foot, 4- to 6-foot, 6- to 8-foot, 8- to 10-foot, 10- to 12-foot, and 
12- to 14-foot zones are 83, 114, 114, 106, 88, 90, and 88, respectively. 
The relative rates of moisture extraction (table 1) at points 0,2,4,6, 

871—35-4 
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8, 10, 12, and 14 feet from the trunk were 120, 135, 110, 100, 100, 
90, 100, and 100, respectively. Since root-distribution values are 
for soil zones 2 feet long:, moisture extractions for zones, instead of 
for points, were estimated by averaging the relative moisture extrac¬ 
tion at both ends of each zone. By this means relative moisture 
extractions for zones 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 10, 10 to 12, and 
12 to 14 feet from the trunk became 127.5, 122.5, 105, 100, 95, 95, 
and 100, respectively. These figures for relative root concentration 
and relative moisture extraction at each distance from the trunk 
show a zero correlation. This lack of correlation results principally 
from the lack of agreement between root concentration and moisture 
extraction in the 0- to 2-foot and 2- to 4-foot zones. Since moisture 
extraction at 0 feet from the trunk was based upon only one deter¬ 
mination for each of the four depths in one sampling hole, the value 
127.5 for relative moisture extraction for the 0- to 2-foot zone may 
be much less reliable than the other relative moisture-extraction 
values. With the 0- to 2-foot zone omitted, correlation between root 
concentration and moisture extraction becomes +0.69±0.10. 

The root concentrations in table 3 show an unevenness in root dis¬ 
tribution. Thus in the southwest trench in the upper 6 inches 
between 2 and 4 feet from the trunk, there were 4.1 g of roots per 
cubic foot, whereas in a similar soil zone in the northwest trench there 
were only 0.9 g of roots. Table 3 shows many such variations in dis¬ 
tribution. Where the higher concentrations were not near large 
roots, it was not possible in the heavy clay soil to determine whether 
the root growth occurred at the end of vigorous lateral roots or whether 
it was stimulated as a result of the cutting of roots by cultivation 
imple.merits, as the work of Kinjman (7) suggests. However, regard¬ 
less of the cause, the uneven root distribution observed around such 
a large tree in soil only 3^2 feet deep shows one very important point, 
namely, that penetration of the soil mass by the small roots (less than 
2 mm in diameter) was not uniform. 

Furthermore, it was observed that some small soil volumes con¬ 
tained no visible roots. It is not likely that roots too small to be 
observed had penetrated soil volumes in which no visible roots were 
found. Thus it would seem that in this heavy clay soil, root distri¬ 
bution is not only uneven but apparently entirely lacking in small 
volumes in the soil mass. 

ROOT WEIGHTS FOR OTHER TREES 

Additional data upon root distribution were provided by trenches 
dug on two sides of trees E-6 and Lr-12 at the Medford experiment 
station and on one side of trees E-4 and B-7 in the Klamath orchard. 
Each of these four trees had a xnuch smaller spread of limbs than tree 
MM~33. The trenches were 18 inches wide and 36 inches deep. The 
roots were removed and weighed in a manner similar to that used for 
tree MM~33. The data for these four trees, together with comparable 
data for tree MM-33, are summarized in tables 4 and 5. 

Table 4 gives the relative root concentration at each depth, thus 
expressing root concentration as percentage of the total of the root 
concentrations between the surface and a depth of 3 feet. Individual 
trees show rather large differences in relative root distribution, but 
the data for each tree are too limited to justify explanation on the 
i 
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basis of tree size or soil management. The average for trees E-6, 
Lr~12, E--4, and B-7 and the average for tree MM-~33 agree extremely 
well. The averages for all 10 trenches (5 trees) were determined 
and the probable errors of the averages were calculated on the assump¬ 
tion that the data for all trenches were comparable. 


Table 4. —Relative concentration of visible pear roots, under 2 mm in diameter, in 
the top 3 feet in heavy clay soil, from 3}4 to 6 feet deep to bedrock 


[Relative concentration of roots is expressed as percentage of the sum of the concentrations In the top 3 feet] 


Roots in soil zone at indicated dis¬ 
tance below ground 


Trench designation 


Klamath B-7. 

Klamath E-4. 

R-6, N. 

E-«, a... 

Ty-12, N. 

L- 12 , a. 

Average__ 

MM-33, SW. 

MM-33, SE.. 

MM:-33, NW. 

MM-33, NE.. . 

Average. 

Average of 10 trenches. 

Probable error of average,.-. 


0-1 feet 

1-2 feet 

2-3 feet 

Percent 

Percent 

Percent 

48 

34 

18 

23 

40 

37 

35 

36 

29 

35 

36 

29 

53 

;to 

17 

45 

37 

18 

40 

35 

25 

36 

36 

28 

38 

34 

28 

44 

37 

19 

45 

34 

21 

41 

35 

24 

40.2 

35.4 

24.4 

±1.8 

±0.6 

±1.4 


Table 5. —Relative concentration of visible pear roots, under 2 mm in diameter, in 
the top 3 feet at different distances from the trunk, for heavy clay soil from 3% to 
6 feet deep 


[Relative concentration of roots is expressed as percentage of the average concentration between 4 and 12 

feet from the triink] 


Tree designation 

Roots in soil zone at indicated distance from trunk 








0-2 feet 

2-4 feet 

4-3 feet 

6-8 feet 

8-10 feet 

10-12 feet 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Klamath B-7. 

75 

103 

130 

no 

114 

46 



129 

118 

103 

100 

79 

B-^, N. 

53 

82 

09 

17:1 

71 

57 

E-6, S . 


107 

97 

113 

116 

74 

L-12, N.....-. 

106 

147 

129 

108 

98 

65 

L-12, 8.-.-. 

. 

108 

100 

97 

106 

95 

Average. 

78 

113 

112 

117 

101 

69 

MM-33. 8W .. 


103 

99 I 

108 

92 

101 

MM-88, SE . 


140 

111 

117 

93 

79 

MM-38, NW. 

76 

127 

123 

108 

76 

93 

MM-33, NE. 


91 

125 

90 

91 

94 

Average. 

76 

115 

115 

106 

88 

92 

Average of 10 trenches. 

»78 

114 

113 

113 

96 i 

78 

Probable error of average. 

±7.3 

±4.5 

±2.9 

±4.8 

±3.2 ^ 

±3.9 


1 Average of four trees. 
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To make the values for relative root concentration directly com¬ 
parable with values for average relative soil-moisture extraction for 
each of 4 top feet (table 1), these relative concentrations for the top 
3 feet were recalculated on the basis of the top 4 feet. The percent¬ 
age concentration in the 3- to 4-foot depth was assumed to be 11, 
which was the observed concentration in the 3- to 4-foot zone for 
tree MM-33. Thus the relative concentration of roots in the 0- to 1-, 
1- to 2-, 2- to 3-, and 3- to 4-foot depths would be 36, 31, 22, and 11, 
respectively. The average relative moisture extraction for similar 
zones (table 1) was 34, 28, 22, and 16, respectively. This average 
distribution of root concentration, based on 10 trenches around 5 
trees, compared with the average relative moisture extraction ob¬ 
served at similar depths around comparable trees, shows the close 
correlation of +0.98±0.01. 

Table 6 gives the relative root concentration, based on all depths, 
for each distance from the trunk. The results are expressed as per¬ 
centages of the sum of the root concentrations between 4 and 12 feet. 
The averages for trees E“-6, L-12, E-4, and B-7 agree fairly closely 
with the averages for the four trenches around tree MM~33. To 
further summarize the results, the average for all trenches is pre¬ 
sented, together with the probable error of the average calculated on 
the assumption that all trenches were comparable. These averages 
show that the zones 2 to 4, 4 to 6, and 6 to 8 feet from the trunk had 
about equal root concentrations, the zone 0 to 2 feet from the trunk 
and the zones 8 to 10 and 10 to 12 feet from the trunk having lower 
concentrations. 

From the average relative moisture extractions at points at differ¬ 
ent distances from the trunk (table 1), the average relative extrac¬ 
tions for zones 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 10, and 10 to 12 feet 
from the trunk were calculated and found to be 87, 107.5, 107, 105, 
101.5, and 91, respectively. A comparison of these relative moisture- 
extraction values with the relative root concentrations for similar 
zones (78, 114, 113, 113, 96, and 78, respectively) shows a correlation 
of +0.96±0.02. 

DISCUSSION 

The decrease in soil moisture between field capacity and perma¬ 
nent wilting percentage in heavy clay soil surrounding the roots of 
large pear trees represents either surface evaporation or extraction 
by pear roots. It was found from soil cores without active roots that 
surface evaporation affected moisture only in the top foot. When 
the soil moisture decreases in the top foot had been corrected for 
surface-evaporation loss, the soil moisture decreases were considered 
measures of the amount of moisture extracted by the roots. 

Although it is probable that sod-moisture movement from the soil 
into the roots largely occurred through the root hairs and rootlets 
too small to be observed and weighed by the method used, it was 
assumed that the water-absorbing area of such root hairs and rootlets 
was approximately measured by the weight of the small visible roots 
picked out of the heavy clay soil. 

It was found that the relative rates of moisture extraction by the 
roots at different soil depths and at different distances from the 
trunk were, in generd, directly proportional to the relative concen¬ 
trations of small visible pear roots in corresponding locations. In 
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the case of tree MM-~33 no linear correlation was found between root 
concentration and rate of moistxire extraction. However, the rate 
of extraction from the 0- to 2-foot zone is based in part on a single 
hole at the base of the tree. When the data for the 0- to 2-foot 
zone are omitted the coefficient of correlation is +0.69. 

The correlation for tree MM~33 was +0.95 for all depths. How¬ 
ever, when the averages of relative moisture extraction for the 4 
individual trees and the 4 irrigation plots were compared with aver¬ 
ages of relative root concentration for 10 trenches around an aggre¬ 
gate of 5 trees, the coefficient of correlation in relation to depth was 
+0.98 and the coefficient of correlation in relation to distance from 
the trunk was +0.96. Thus, when the averages were based on a 
pifficient number of determinations to reduce the influence of wide 
individual variations, the average relative moisture extraction was 
closely correlated with the average relative concentration of small 
visible roots. In other words, the rate of extraction of available mois¬ 
ture from the soil seems dependent upon the concentration of the 
small roots. Somewhat similar results were obtained by Conrad and 
Veihmeyer (5), who, working with a row of sorghum plants in rela¬ 
tively light soil, found a positive correlation between the extent of 
soil dryness and the amount of roots. 

Beckett, Blaney, and Taylor (4), studying citrus and avocado in 
sandy loam 3 to 5 feet deep, report “apparent root development's as 
determined from the rate of water extraction, greatest in the first foot 
and materially decreasing with depth. 

The positive correlation between the amount of soil moisture 
extracted from a specific soil mass and the pear root concentration 
therein also indicates that the weight of small visible roots per unit 
volume of soil provides a measure of root area active in water intake. 
Thus in regions where the transpiration needs of the trees are great, 
as in the Rogue River Valley, the water-supplying capacity of the 
roots should be judged by the distribution of zones of high root 
concentrations rather than by the presence of a few roots. 

The fact that after moisture extraction by the roots different soil 
zones contained different amounts of moisture shows that capillary 
movement of moisture through the soil was not sufficient to equalize 
differences in rate of moisture removal by the roots. This is in 
agreement with the conclusions of McLaughlin (5), Veihmeyer (/7), 
and others that capillary movement of moisture from soil relatively 
high in moisture to soil that is being dried out by root extraction is 
not sufficiently great to render all moisture in the soil mass ecjually 
available to the tree. The import for practical pear irrigation is 
oWious. In tlxe determination of the time or amount of irrigation 
necessary for the trees, observations of soil moisture should be based 
on soil samples taken from zones of relatively great root concentration. 

From the weights of the visible pear roots (less than 2 mm in diam¬ 
eter) per cubic foot of soil, it was foimd that the highest concentration 
of roots occurred between 4 and 12 inches below the surface. On 
the basis of four trenches around one large tree, it was found that of 
all the roots to a depth of 4 feet (bedrock 3)Uo 4 feet deep) 35 percent 
were in the top foot, 33 percent in the second foot, 21 percent in the 
third, and 11 percent in the fourth. Thus the top 2 feet contained 
68 percent of the total roots in the upper 4 feet, and the upper 3 feet 
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contained 89 percent. These results agree with those obtained in 
extensive apple root examinations by Oskamp and Batjer {IS), who 
found a greater concentration in the first 8 inches than in the second 8 
inches and 60 percent or more of the roots in the top 16 inches; with 
those of Oskamp {12), who found cherry root concentration greatest 
in the top foot; and with those of Beckenbaugh and Gourley {3), 
who found that apple root concentration decreased from the surface 
down. Rogers and Vyvyan {16) found the same relation between 
depth and apple root concentration, except that the root concentra¬ 
tion was great^er between 17 and 44 cm below the surface than between 
0 and 17 cm below the surface. More casual observations by Allen 
{!), Ballantyne {2), Lunt {H), Oskamp {11), and Partridge and 
Veatch {H) showed the greater portion of the root mass to he in the 
upper 1 or 2 feet. Such a relatively high proportion of the roots 
near the surface should be kept in mind when considering subsoiling, 
the depth to apply fertilizers, and the soil mass in which to maintain 
available moisture by irrigation. 

As to the lateral distribution of small pear roots in 4 trenches 
around 1 large tree and in 6 trenches around a total of 4 other trees, 
the concentrations between 2 and 8 feet from the trunk were found 
to be slightly greater than those between 0 and 2 feet or between 8 
and 14 feet from the trunk. However, the concentrations between 
8 and 12 feet from the trunk, although in most cases significantly 
less than those between 2 and 8 feet, were much higher than those for 
apple roots in lighter soils. Furr and Magness (6*), Morris {10), 
Rogers and Vyvyan {16), Rogers {15), and Beckenbaugh and Gourley 
{3) found that root concentration decreased appreciably with an 
increase in lateral distance from the trunk. Although Rogers and 
Vyvyan were studying rather small trees, the tree studied by Magness 
and Furr and the tiees in orchard A examined by Beckenbaugh and 
Gourley were fully as large as the pear trees considered in this report. 
The large pear root concentrations at distances of 8 to 14 feet from 
the trunk in the heavy soil studied indicate that fertilizer and irriga¬ 
tion water for trees in this type of soil should, for availability to the 
maximum root area, be applied to the entire area between the tree 
rows, 

SUMMARY 

The amount of soil moisture extraction is positively correlated with 
the concentration of the small visible roots, which seems to be a 
measure of concentration of rootlets and root hairs too minute to 
be observed by the method reported. 

Capillary movement of soil moisture is not sufficiently rapid to 
equalize differences in the amount of moisture extracted from different 
soil zones. 

Root concentration is not uniform throughout the soil mass, and 
many small volumes of soil contained no visible roots. 

Of the total moisture extracted from the upper 4 feet of soil, about 

34 percent was extracted from the top foot, about 62 percent from 
the top 2 feet, and about 84 percent from the top 3 feet. 

Of the total root concentration in the upper 4 feet of soil, about 

35 percent was in the top foot, about 68 percent in the top 2 feet, and 
about 89 percent in the top 3 feet. 
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The most rapid moisture extraction by the roots occurred between 
2 and 8 feet from the trunk, and 5 to 15 percent less rapid extraction 
occurred between 8 and 14 feet from the trunk. 

The greatest root concentrations were found between 2 and 8 feet 
from the trunk, lower concentrations between 8 and 12 feet from the 
trunk. 
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THE MEXICAN BEAN BEETLE IN MEXICO > 

By B. J. Landi^ o«8t*tont enlomol^»t, and C. C. Plummbk, formerly aisUtant 
entmnologtstf^ Division of Truck Crop and Garden Insect InvealigationSf Bureau 
of antomology and Plant Quarantine^ United States Department of Agriculture ® 

INTRODUCTION 


The Mexican bean beetle {Epilachna corrupta Muls.) is a destructive 
pest of beans in Mexico. Although this insect is apparently indigenous 
to the country and has a wide range of distribution, little is known 



concerning its biology. A study of the Mexican bean beetle was 
therefore undertaken at Mexico City in 1930. 


> Heeeived for publication Feb. 6, 1935; issued July 1936. This study was made at the suggestion of 
N. F. Howard, in charge of {)ea and bean insects, Division of Truck Crop and Garden Insect Investiga¬ 
tions, Bureau of Entomology and Plant Quarantine. It was carried on in oooi>eration with the Mexican 
Department of Amriculture. 

> Now with the Division of Fruit Insects. 

3 Thanks are due Alfonso Dampf, of the Mexican Department of Agriculture, for assistance in procuring 
altitude records and to Leopoldo de la Barreda for making unpublished distribution records available. 
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DISTRIBUTION 

Although many legumes are grown in Mexico, beans seem to be 
the preferred food plant of the bean beetle. In the States of Guana¬ 
juato, Zacatecas, Jalisco, Micho&can, Aguascalientes, Queretaro, 
Durango, Puebla, Veracruz, and San Luis Potosi, where commercial 
acreages of beans are grown, the bean beetle causes destruction to the 
crop periodically. Dampf (.9) ^ says that, in all parts of the Republic 
where beans are cultivated, agriculturists know the bean beetle as the 
most terrible pest of this legume, occasionally causing complete loss 
of the crop. This is contrary to Sweetman's statement {11, p. 226) 
that ‘‘The insect is not a serious pest over much of Guatemala 
and Mexico * * Beans are grown from sea level to an eleva¬ 

tion of approximately 10,000 feet, but the most extensive cultivation 
is found within these States, principally on the broad, central plateau 
having an elevation of 1,500 to 2,000 feet in the north and 7,000 to 
8,000 feet or more in the Valley of Mexi(‘.o or the vicinity of Mexico 
City (fig. 1). The 20° C. isotherm roughly depicts the limits of this 
plateau. 

Table 1.-— Localities in Mexico where the Mexican bean beetle has been recorded 


Locality 


Federal District: 

Contreras. 

Mexico City... 

San Jacinto. 

Tacuba. 

Xochimilco.... 

Mexico (State of). 

Acozac. 

Ainecameca.. 

Apasco [Apaxco]. 

Chicoloapam. 

Hacienda del Prieto [NaucalpanJ-. 

Lecher (a.-. 

Naucalpan. 

San Andrfis Atenco [Tlalnepantla]. 

Temaraatla.. 

Temascalcingo. 

Toluca.. 

Tenango... 

Texcooo... 

Zacualtipan, Estado General Oouz&lez... 
Morelos: 

Cuautla. 

Cuernavaca.... 

Puente de Ixtla. 

Puebla: 

Acatzlngo. 

Actopan. 

Amozoc. 

Atlixco. 

Chalchicomula. 

Cbiautzingo.. 

Cholula... 

Cuetzalan del Progreso lZacapoaxtla].._. 

Huejonapa [Huejonapan]. 

Huixcotla-Tecamacbalco. 

Malpals. 

Matamoros Izdcar. 

Nopalucan, Hacienda de **La Florista’*.. 

Puebla. 

Quecbolac. 

Kanobo de San Cayetano, Tecamachaloo. 

San Cristdbal, Texmelucan. 

San Hlpollto. 


Altitude 


Feet 

Over 7,500... 

7,349. 

7,:)49.. 

7,5149. 

7,349. 


Jteferenoe • 


X. 

(5), X. 
(7). X. 
H. 

X. 


8,189. 

‘L4M 


Over 7,000. 


Over 7,000- 


8,845. 

Over 8,000. 
7,349. 


4,235. 

5,059. 

3,200. 


iS, 10). 

X. 

(8, Bol. 2, p. m). 
m, X. 

00 ). 

R. 

R. 

R (Epilachna). 

(«, Boi. S, p. 601). 

00 ). 

R 

X. 

00 , /). 

00), X. 

R. 

X. 

X(/). 

X. 


6,171. 

8,333. 

7,516. 

7,054. 


6,742. 

’4,'35d. 


70). 

% Bol. 2, p. 659), 
7), X. 

% Bol. e, p. 668), 
[7). 

7), X. 


[t, 00, S), 

8, Bol. 2, p. 668). 

lo- 

fi, Bol. 2, p. SS2; W). 

'S BiiL . 4 - « 


1 Numbers refer to literature cited from Which records were obtained, the volume and page number beiiu 
;iven where confusion might arise; X indicates observations made by the authors; and R mdicat^ records 
rom the files of the Mexican Department of Agriculture. 


«Hefsrenoe Js made by number (Italic) to Literature Cited, p. lOOl. 
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Table 1. —Localities in Mexico where the Mexican bean beetle has been recorded^- 

Continued 


Locality 

Altitude 

Reference 

Puebla—C^outinued. 

San Jeronimo Xayacatl&n. 

Feet 

R. 

iW, S), 

R. 

(8, BoL 3, p. $43). 

(W. 8), B. 

{8, Bol. $, p. 33$). 

(8, Bol. 3, p. 601). 

R. 

(8, Bot. g, p 848). 

(1). 

(1). X. 

R. 

it). 

R. 

(7, p. $48)i. 

0). 

R. 

(/). 

R. 

(/), X. 

R. 

R. 

i?- 

R. 

(7). 

(8, Bol 3, p 601). 

R. 

iS). 

(7). 

R. 

1 uo,s). 

R. 

R. 

(8. Bol $, p. 669). 

(8, Bol. 3, p. 601). 

R iEpilachna). 

R (Epilachna). 

H. 

R. 

(1: 8, Bol. 3, p. 669). 
(3, 10). 

UO). 

UO). 

(8, Bol. $y p. 848). 
(10). 

R. 

R. 

X. 

r- 

R. 

R. 

g,^J3o/. 3, p. 668). 

(iO, 3). 

(10). 

(8, Bol. $, p. 148). 

(/). 

K\8,Bot.S,p.601). 

San Marcos... 


San Martin Texmelucan.-.. . 


Santa Ana Coapan [near Puebla]... 


Tecali.... . 


Tcpatlaxco... 


Topeaca... 

7,40/5 

Texmelucan.... 


Tlaixpan. .... 


Tlalancalem.... .. 


Veracruz* 

Oonioba..... 

2,756 

Jalaim... 

La Charca Atoyac.... 

4,681. 

Nearly 1,500.._ 

Orizaba....... . 

4,212 '. . 

San An(!r6s Tnxtlu... 

1,184.. .. 

Veracruz.. . 

6_ 

Guerrero. 

(Uiilpancint;n.. .. 

4,461. 

Omiltenie [Rancho de, Chilpancinpo?].. 


San Marcos...... 


Xucumanatlan..... 


Oaxaca. 

Guelavia, Distrito Tlacolula... 

Over 5,000. 

Juquila.... 

Mutatldn, Distrito Tlacolula... 


Over 5,000. 

Oaxaca Citv ..... 

5,068. .-. 

Quiavim, Distrito Tlacolula. 

Over 6,000. 

San Marcos Tlapasola, Distrito Tlacolula. 

Over 5^000. 

HidolKO* 

Bomlntz&....... 


Mixquiahuala de Juilrez . 


Rancho del Refugio Atotonilco de Tula.. 


Teiieji del Rio..I... 


Tulal. 

6,778. 

Quoretaro: 

Caderevta de Montes. 

6,814. 

Queri'taro ........ 

6,079. 

San Juan del Rio..... .. . 

6,489. 

Michoacan: 

Aporo,.,.- .- - __ _ 


Maravatio...-____ 

6,824 . 

San Andres Toru ...-_ 


San Miguel el Alto.. 


Nayarit: 

Ohapalilla.-.. 


Topic_ _ _ 

3,067. 

Colima: 

Colima City_ 

1,656. 

Guanajuato. 

Aliende [San Miguel AllendoJ.. 

Celaya... 

Dolores Hidalgo......_ _ _-_ _ 

0,135. 

5,931.... 

6,619.-. 

Guanajuato. 

Hacienda de Carranci [Cortazar].. 

6,725. . 

Hacienda de Noria de Charcas. San Jos6 de Iturbide.. 


Salanianca...-...-.. -_ 

6,646. 

San Diego de la Union.____- 


San Joa<^ de Iturbide ___ ____ 


San Luis de la Paz___ 


Taranandacuau [Tarandacuao?]...___ 


Jalisco: 

Guadalajara -____ 

4,987. 

Hacienda de Las Filas_... _ 


HuejuQuilla el Alto.___...____ __ 


La OruUa Autl&n.__ _- 


MezQuital......._____*__ 


OrpTidain [near Refugio]. ____ 


RltkTi ’M’n.riln Hidalffo . _ . _-_ 


Villa de Quadalupie--_...____ 


Agiiasoalientes:^ 

Rino6n de RomoSi._ --t -_-_..._- 


San Luis Potosj: 

Mficos.. _ 


XvCSvCK/JIUM Ata 

Hacienda de Bleados [Bledosj—____ 


A Ivana* 'M'niirit'Afns _ _ ____ 


Aao Liiis PotosL......... 

6,168.. 


iDoubtftil record. There is no certainty that EpHachna eerrupta is the species to which reference is made. 
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Table 1. —Localities in Mexico where the Mexican bean beetle has been recorded — 

Continued 


Locality 

Altitude 

Tamaulipas: 

Ciudad OcamiK) .. 

Fed 

1,142 . 

Tampico ...- . 

Durango: 

Barraaas .-... 

3. 

Nearly 6,696 . 

Canacatian lOanatlAn] ...2_- _ _ _ 


Durango. .. . .. . 

6,197. 

Hacienda de El Salto [Pueblo Nuevo]. . 


Nombre de Dios.J . ..*_ . ... 

Nearly 6,500 . 

Pfiuuco de Coronado.- ... 


San Bartolo ...... 


San Bernardo el Oro ... 


San Gabriel .... 


San Juan de Guadalupe .-.. 

Nearly 5,000 . 

San Juan del Kio .. ... 


San Pedro OtAez ...... 


Santiago Papasquiaro . .. . 

6,696 . 

Suehil ..... 


Tepehuanes .... ... 

Villa General Vicente Guerrero .. 


Coahuila: 

Monclova . .-. . . . 

1,758 . . 

Saltillo. . . . . . 

6,246_ 

Section around Torreon . - . . . . . 

3,641 . 

Chihuahua: 



Referenoe 


(to, »). 

(It). 


(«, Bo/. S, p. sot). 
(7), R. 

ab). 

ao). 

( 10 ). 

( 10 ). 

( 10 ). 

( 10 ). 

( 10 ) 

g, Bol 3, p. 501). 

r! 


(3, Bol. S, p. SOI), 
(3, Bo/. 3, p 501). 


(/). 

(/). 

{8, Bol. 2, p. 558). 


Batopilas [Batopilillas]... 

Casas Grandes...... 

5,105_ __ 

Nearly 4,777 .. _- I 

Chihuahua....... 

1,564.-.-. 

Chinipas.....- 

Over 5,000. 

Ciudad Juilrez.-. 

3,753--. 

Hacienda de San Simon Guadalupe y Calvo. 

Hidalgo del Parral. 


OJinaga... 

2,769 . 

Yoquivo [Real Yoquivo]. 


Sonora: 

Atil... 


Cucurpe.. . .... 


Estaci^n Esqueda. 


Magdalena. T... 

2,696. 

Tlaxcala: 

Calpul&lpan..... 


Contla.... 


San Bartolo Tepujahualco [Tepeyabualco].. 


San Pablo del Monte....... 


Zacatecas: 

Canutillo....-.. 


Sombrerete.—... 


Unknown localities: 

Hacienda del Rincon..... 


Presidio. 





R. 

R. 

(/, 3, Bo/, f, p. 3J3). 

lit 

R. 

R. 

R. 


(7). 

( 10 ). 

R. 

( 10 ). 

( 1 ). 

(7, p. /f3)». 


(3, Bo/. 3, p. 601). 
(3, Bo/. 3, p. 60/). 


(S). 

(!)• 


* Doubtful record, 
made. 


There is uo certainty that Epilachna corrupta is the species to which reference is 


Locality records from the Biologia Centrali-Americana (/), unpub¬ 
lished records and publications of the Mexican Department of 
Agriculture (7, 8, 9, 10), and field observations of the writers have 
shown the bean beetle to be present in 22 States and the Federal 
District (table 1). These records are not complete, but they show the 
wide distribution of the insect in the better known parts of Mexico. 
Unfortunately it has been impossible to procure altitude records for 
all the places in which the Mexican bean beetle has been found. 
However, it may be noted from the altitudes given that most of these 
places are from 5,000 to 7,000 or more feet above sea level. The 
extremes of elevation are 3 feet at Tampico, Tamaulipas, and 8,846 
feet at Toluca, Mexico. Most of the records came from the States 
of Mexico, Puebla, Durango, Guanajuato, and Chihuahua, all of 
which are situated on the central plateau. Whether this is due to the 
lact that more beans are grown in these States and hence more 










































































Jone Ifi, 1935 


The Mexican Bean Beetle in Mexi>co 


993 


people report damage, or whether the damage actually is greater there 
than elsewhere, is not known. 

Uvarov {12^ v. ISO) states: ‘^This beetle is a serious pest in the parts 
of Mexico whicn have a hot and very damp climate * * How¬ 
ever, with the exception of infestations reported from the vicinity of 
Tampico, Tamaulipas,® Colima, Colima, and Veracruz, and possibly 
San Andres Tuxtla and La Charca Atoyac, Veracruz, the bean 
beetle does not appear to be present in the hot, damp coastal regions. 
Were it present or doing considerable damage, we should expect to 
find more records from the State of Veracruz, where commercial 
acreages of beans are grown. 

SEASONAL ACTIVITY 

At various times during the growing season of 1930 a few localities 
outside of the Federal District were visited in order that the situation 
as to bean beetle infestation might be ascertained. The results of 
these visits are summarized in table 2. 


Table 2. —Mexican bean beetle infestation in various localities in Mexico on 

different dales in 19S0 


Date 

Place 

Eleva¬ 

tion 

Bean beetle situation 

Apr. 

June 

28 

Tampico, Tamaulipas ^.... 

Feet 

3 

No beans growing. 

Beans not infested. 

One adult beetle taken. 

6 

Veracru*) Veracrui *.... 

a 

6 

Jalapa, Veracruz >. .. 

4,681 

3,200 

1,771 

6,158 

2,756 

5,059 

4,461 

3 


11 

15 

17 

1 

Puente de Ixtla, Morelos... 

Monterrey, Neuvo Leon.. 

San Luis Potosi, San Luis Potosi L - ... 

Beetles found. 

No beans found. 

Do. 

July 

Cordoba, Veracruz *... 

Do 

4 

9 

10 

Cuernavaca, Morelos i. 

ChJlpanclngo, Guerrero ‘—. 

Acapulcx), Guerrero___ 

All stages, severe damage. 

No beans f(»und. 

Do. 


16 

C'holulu, Puebla *... 

7,054 
6,171 
4,987 
5,068 

All stages; severe damage. 

Do. 


Atlixco, Puebla •__ 

Aug. 

8 

Guadalajara, Jalisco..... 

Few larvEte taken. 

22 

Oaxaca City, Oaxaca .. 

Young beetles and few larvae found. 




* The bean beetle has been reported from this place (table 1). 


In sections where there is a pronounced dry season, the bean beetle 
is present in the fields only during the wet summer months. There is 
considerable variation in annual precipitation within the area of known 
bean beetle distribution. In the vicinity of Jalapa and Cordoba it 
ranges from 60 to 85 inches and is distributed throughout the spring, 
summer, and fall. Around Torreon, in northern Mexico, the rainfall 
is only about 10 inches, and this occurs almost entirely during the 
summer months. In general, the period of summer rainfall is shorter 
and the precipitation less as the elevation and distance inland, north¬ 
ward, and westward from the Jalapa-Cordoba district increase. 

A climograph (hythei^raph) for Mexico City published by Graf (S) 
shows that the monthly temperature rises rapidly from January to 
May and declines during the 4 rainy months that follow. If temper¬ 
ature is the deciding factor in breaking the dormancy of the bean 
beetle, we should expect to find the beetle on beans grc^ under 


« ROBLXDO. F. G. outstanding entomological FBATURES for MRXICO FROM JANUARY TO JUN* 
U. S. Dept. Agr., Bur. Ent. Insect Pest Survey Bull. 11:412-^16. 1931. {Mitneograpfaed.] 
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irrigation during April and May in Cuernavaca, since similar tempera¬ 
ture changes occur there. The fact that the bean beetle does not 
appear in Cuernavaca and Mexico City until the summer rainy sepon 
indicates that moisture and increasing temperature furnish the stimu¬ 
lus required to bring the beetles from localities where they have passed 
the dormant period. The small summer crop of beans is grown in 
Cuernavaca without irrigation, and all the plants are defoliated by the 
beetle. 

In 1929 some beans that had been planted in a protected spot at the 
Mexico City laboratory escaped the October frosts. Beetles and 
larvae migrated to these plants from other beans that had been killed 
by defoliation and frost. A sprinkler was used for several hours each 
day in order to maintain a hign humidity. Beetles remained on these 
plants, and all stages of the insect were found there as late as February 
3, when the observations were discontinued. This was 4 months 
after their normal occurrence in the field. Later work by the senior 
author in Columbus, Ohio, has shown that the bean beetle can easily 
be reared through the winter months under greenhouse conditions. 

CLIMATE OF MEXICO CITY 

According to Marcovitch and Stanley (5, p, 676 ): 

During July and August, the month.s most favorable for bean growing, maxi¬ 
mum temperatures of but 70° F. are reached in Mexico City (Hernandez, 1923). 
* * * May, the hottest month in the year, has a maximum temperature of 

but 75° F. These comparatively low temperatures and the generous rainfall of 
16 inches for the summer months, are the climatic conditions the bean beetle has 
been exposed to for numberless generations and undoubtedly present the optimum 
requirements for breeding. 

In another place (4) Marcovitch gives the mean summer tempera¬ 
ture as 60° to 65° F. and the rainfall as 4 inches. 

An atlas published by the Mexican Department of Agriculture 
{6) summarizes the temperature records ® taken at the Tacubaya 
(Federal District) station (about 4 miles from San Jacinto and at a 
slightly higher elevation) for the period 1921-25. The mean daily 
temperatures were as follows: March, 17.8° C.; April, 17.1° C.; May, 
17.6° C.; June, 16.4° C.; July, 15.4° C.; August, 15.7° C. The maxi¬ 
mum temperatures are not given, but the mean temperatures indicate 
that the maximum temperatures were higher than those given by 
Marcovitch and Stanley (J). The same atlas {6) shows that the 
total precipitation at the Tacubaya station, as averaged for 1921-25, 
was 411.4 mm for June, July, and August, and 582.2 mm for the 4 
months from June to September, inclusive. The records for San 
Jacinto (6*), within a quarter of a mile from the place in which the 
present studies were made, for the same perioas were 356.5 and 
492.3 mm, respectively. 

Thus there are several conflicting records for the precipitation and 
temperature in the vicinity of Mexico City. This may be due to the 
fact that there are several meteorological stations in the Federal Dis¬ 
trict, which might be designated as Mexico City, and the records of 
these stations vary considerably although they are less than 4 or 5 
miles apart. It is, however, incorrect to base conclusions concerning 
the natural habitat of Epilachna corrupta on such information. 

* Obtained by taking the mean of the maximum and minimum daily temperatures and averaging them 
to^fet the monthly mean temperature. 
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In 1930 the writers |)laced a sheltered hygrothermograph 12 inches 
above ground in the middle of a bean field where life-history studies 
were being made. A summary of the temperature records taken on 
this instrument from July 1 to September 30, as given in table 3, 
indicates that the mean maximum temperature for the summer 
months was above 25° C. The weather that year was normal. The 
maxim^ daily temperature was recorded at about 2 p. m. and was 
maintained for but a short time. After the daily rain the temperature 
dropped rapidly until about 4 a. m. 


Table 3. —Summary of daily temperature records at Mexico City {San Jacinto)^ 
July 1 to September SO^ 1980 


Record 


Maximum: 

High-. 

Low. 

Mean.. 

Minimum: 
High—. 

IjOW.. 

Mean---. 

Daily mean. 

High «. 

Low *. 

Monthly mean. 



July 

August 

Septein- j 
ber 

For 3 
months 


®C. 



®C’. 


30 0 

30 0 

34.6 



23.0 

20.0 

25.0 


- 

26.7 

27.1 

29.9 

27.8 


14 0 

13 0 

13.0 



K 0 

7 0 

2.6 


- 

11.3 

9.7 

9 1 

10.1 


19.2 

19 4 

20.1 



14 f> 

14.9 

14.9 


-- 

10 7 

17.2 

17.7 

17.2 


1 Summary of readings at 2-hour intervals. 


The beginning of the rainy season of 1930, like that of 1929, pre¬ 
ceded the emergence of the beetles from dormancy by approximately 
2 weeks. During this season tliere was, as a rule^ some precipitation 
every day, usually late in the afternoon or in the evening. The 
daily average relative liumidity w'as close to 70 percent and showed 
little variation from early in June until the middle of September, 
when the rains became less frequent. 

Other environmental factors, such as light and barometric pressure, 
may have more than a minor influence, directly or indirectly, on the 
iiean beetle. At the altitude and latitude of Mexico City the sun¬ 
light is intense and contams more ultraviolet than at higher altitudes. 
At this altitude (7,349 feet) the mean barometric pressure is only 
23.43 inches. 

The writers consider that the field data obtained on the tempera¬ 
ture and the number of generations a j^ear do not indicate optimum 
climatic conditions for breeding the bean beetle. The low daily mean 
temperatures preclude the development of more than a single genera¬ 
tion of EpUachna corrupta in the vicinity of Mexico City. Marco- 
vitch and Stanley, after saying (5, p. 676) that climatic conditions 
in Mexico present “optimum requirements for breeding”, also say 
{5, p. 769) that “At 25° C. the greatest percentage reached maturity, 
so'ttiat this temperature may be considered as the optimum.” The 
work reported in this paper will show that 25° is more likely to be 
the optimum temperature than the temperatures that prevail in 
Mexico City. 
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EXTENT OF BEAN BEETLE INFESTATIONS IN VICINITY OF 

MEXICO CITY 

The severest infestations in the vicinity of Mexico City in 1929 
and 1930 were found in a large, dry lake bed between the villages of 
Mixquit and Chaleo, 33 miles southeast of Mexico City. The soil 
here is alkaline and of a fine, silty texture. Mountains are not far 
distant. Each year this lake bed is planted to corn and interplanted 
with beans. There was considerable variation in the degree of infes¬ 
tation in this lake bed; in some places the plants were completely 
defoliated wliile in others there was little or no injury. It is estimated 
that less than half the plants showed any great injury. This varia¬ 
tion did not seem to be due to any difference in the varieties of beans 



FiorRE 2.—Relation between the length of the incubation period of egg masses of the Mexican bean beetle 
and the temperature. The lower curve shows the average number of days required for the incubation 
of varying numbers of egg masses deposited each day during the season; the upper curve shows the average 
temperature during each of these incubation periods. 

grown or to differences in soil or location. Other localities more 
remote from Mexico City showed more damage than was noted here. 

LIFE-HISTORY STUDIES 

Life-history studies were conducted in a field near the laboratory 
under conditions as nearly normal as possible. A wire-screen cylin¬ 
der, 12 inches high and 8 inches m diameter, covered at one end, was 
inverted over a bean plant on which a pair of beetles had been placed. 
After an egg mass had been deposited on a leaf, the beetles were 
moved to another plant. Twelve pairs of beetles were kept under 
observation in this manner throughout the season. Each cage was 
observed daily, s^nd records were continued until all the adults of 
the new generation had emerged. 
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OVIPOSITION 

The first egg mass of the season was obtained the first w'eek of June. 
The population of beetles in the field continued to increase until late 
in June, when the maximum number of adults that had passed the 
dormant period were found. The females continued to oviposit well 
into September, although by that time they were very much reduced 
in number. As the season advanced, the intervals between the suc¬ 
cessive depositions of egg masses became longer. A total of 148 
egg masses was deposited, each mass containing from 5 to 60 eggs, 
the average being 49.73±0.81 eggsJ 

INCUBATION PERIOD 

The length of the incubation period and its relation to temperature 
are shown in figure 2, in which are plotted the average time required 
for incubation of varying numbers of egg masses deposited on suc¬ 
cessive days and the average temperature during the incubation of 
egg masses deposited each day. For example, the average length 
of the incubation period of the 7 egg masses deposited on June 29 
vras 12.6 days, and the average daily mean temperature for this 
period was 16.9^^ C. 

The incubation period is shown to range in length from 11.1 to 
14.6 days. One egg mass, deposited on July 13, had an incubation 
period of 15 days, and 4 egg masses, deposited on June 23 and 24 and 
August 15 and 16, had incubation periods of 11 days, but such extremes 
were reduced by averaging them with records for other egg masses 
deposited on the same day. The average length of the incubation 
period for 148 egg masses was 12.94 ±0.06 days. The average daily 
mean temperature for the season (June 26 to Sept. 7, inclusive) 
during which the incubation period was studied was 16.9° C. and the 
average relative humidity was 72.1 percent. 

LARVAL PERIOD 

In a similar way the length of the larval period and its relation to 
temperature are shown in figure 3. The average length of this 
period ranges from 36 days for eggs hatching on July 7 to 29.2 days 
for eggs hatching on August 14. The extremes, which are not shown 
when the average for the larvae in several cages is taken, are 37.2 
days for an egg mass hatching July 4 and 28.0 days for an egg mass 
hatching August 14. The curve showing the length of the larval 
period has many irregularities that cannot be ascribed to variations 
m temperature but are probably due to the fact that the larvae may 
move about and may be shaded more or less by foliage on the plants. 
This means that the larvae are not always exposed to temperatures 
recorded on the thermograph. The average length of time spent in 
this stage of development, as determined from 127 cages containing 
2,645 larvae, was 32.79 ±0.14 days. The average mean daily temper¬ 
ature for the entire larval penod, June 26 to September 30, was 
17.2° C.; the average relative humidity was 69.7 percent. 

T Throughout this paper the standard error of the mean is used and not the probable error. 
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DATE EGGS WERE HATCHED 


Fiouue 3. -Relation between the length of the larval period of the Mexican bean beetle and the temper¬ 
ature. The lower curve shows the average number of days required for the larval period of individuals 
from egg masses hatching each day during the season, the upi>er curve shows the average temperature 
during each of these periods. 


The data concerning the length of time spent in the several instars, 
the prepupal period, and the total larval period are shown in table 4. 

Table 4. —Length of iiistars and prepupal and larval periods of Epilachna corruptoy 

San JacintOf 1930 


Instar and period 

Cages 

Indivi¬ 

duals 

Length of period, based on the cage 
as a unit 

Maximum 

Minimum 

Average 

Entire larval period.. .. 

Number 

127 

N^umber 
2, 645 

Days 

37 2 

Days 

28 

Dny» 

32 79±0.14 

First instar. 

96 

2,667 
2,463 
2,144 

10 

0 

7.76=t . 09 

Second instar...... 

90 

9 

6 

6 12rt .08 

Third instar... 

81 

9 

r, 

6 7l=fc .12 

Fourth Instar less prepupal period. 

70 

1,421 

11 

6.9 

8.45± .11 

Fourth instar including prepural period. 

78 

1,606 

16.7 

9 

12. 24=fc . 12 

Prepupal period. 

122 

2.666 

5.3 

2.2 

3.9d= .05 


PUPAL PERIOD 

The length of the pupal period and its relation to temperature 
are shown in figure 4. The length of this period ranged from 9 to 
12.6 days, but there were extremes of 13 days (individuals entering 
this period on Aug. 27) and 9 days (individuals entering this period 
on Sept. 22) when separate cages are taken into account. The 
average for 119 cages containing 2,090 pupae was 11.33 ±0.08 days. 
The average daily mean temperature for the time pupae were studied 
(July 26 to Oct/ 4, inclusive) was 17.4® C.; the average relative humid¬ 
ity, 67.3 percent. Since the pupal period is shorter and the pupae 
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remain fixed on the under surface of the leaves, the trend in tempera¬ 
ture and its relation to the length of the pupal period are sjiown more 
pearly than for either the incubation period or the larval period. 
There are, however, several departures from the general trend that 
cannot be explained on the basis of temperature. 

ENTIRE DEVELOPMENTAL PERIOD 

One generation of Epilachna corrupta developed at Mexico City 
(San Jacinto) in an average of 56.74 ±0.21 days. The extremes were 
61.8 and 50 days. These records represent 1,687 beetles contained in 
94 cages. The average temperature for the 102-day period from 
June 26 to October 5, inclusive, was 17.2° C., and the average rela¬ 
tive humidity was 66.6 percent. A total of 2,097 adults, including 



Figure 4 —Relationship between the length of the pupal period of the Mexican bean beetle and the 
temi>erature Tlie lower curve shows the average number of days required for the pupal period of 
larvae entering this stage each daj during the season, the upper curve shows the average temperature 
for this i)eriod. 

some whose life history was not recorded, eme^ed during this period. 
Of these, 975, or 46.5 percent, were males. The first adults of the 
season appeared July 26, 1930. Marcovitch and Stanley (5) deter¬ 
mined the length of" the developmental period of the bean beetle in 
the laboratory at four constant temperatures. If a curve is drawn 
to represent their results at these temperatures (fig. 5), the writers^ 
figure for the total period of development from egg to adult (56 days) 
will pass through this curve. 

BEHAVIOR LATE IN THE SEASON 

Seven female and six male beetles that emerged August 8 were 
placed in a cage for observation. The beetles fed ravenously, but 
there was no oviposition until August 26, when a mav^s of 5 eggs was 
recorded. Four scattered eggs were laid September 5, and a mass of 
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31 was deposited September 12. The beetles consumed less and less 
foliage, and in the second week of September they ceased feeding 
altogether. Thereafter they remained in a state of torpor in pro¬ 
tected places on the plant. The beetles were completely bronzed 
during this period. 

OVERWINTERING 

Beetles can be found in the fields until the frosts of early October 
destroy the plants. It is a matter of conjecture where the beetles 
pass the dry season from October until June. E. G. Smyth ® reports 
the natives as saying that swarms of adults were seen to rise from the 
fields when there was no longer food and that they were carried off 
by the wind. Alfonso Dampf found an adult bean beetle in wheat 
stubble on the grounds of the Mexican Department of Agriculture in 
the winter of 1928. 


7S 


in 

>- 50 
< 

D 


25 


15 20 25 30 

TEMPERATURE (°C.) 

FkiUrk. 5—Helatiun^ihip between the length of the total developineulal period of the Mexican bean 
beetle at constant temi>erBture as determined by Marcovitch and Stanley (5) in Knoxville, Tenn , 
and also ns determined by the present writers under field conditions in San Jacinto, Mexico 

SUMMARY AND CONCLUSIONS 

The Mexican bean beetle {Epilachna corrupta Mills.), a widely 
distributed and destructive pest of beans in Mexico, has been recorded 
from elevations ranging from 3 to 8,845 feet, chiefly within the area 
delimited by the 20° C. isotherm, which includes most of the central 
plateau of Mexico. Precipitation and extremes of temperature 
within this area vary considerably. The effects of these factors on 
the development of the bean beetle have been determined only in 
Mexico City. 

Severe damage caused by this insect was observed at Atlixco, 
Puebla (6,171 feet), and at Cuernavaca, Morelos (5,059 feet). In 
the vicinity of Mexico City the heaviest infestation was found near 
the villages of Mixquit and Chaleo, but less than half of the plants 
showed any serious injury. 

Life-history studies made near Mexico City under field conditions 
show the length of time spent in each developmental stage throughout 
the season and its relation to the temperature. One generation of 
bean beetles matured in an average of 56,74 ±0.21 days at a mean 

* Correspondence with N. F. Howard, 1923. 







O DATA OF MARCOVITCH 
AND STANLEY 

^WRITERS*FIGURE OBTAINED 
AT MEXICO CITY 

— 


\ 

















!k 

































"T 





















C 


















S 











































U 

□ 
















□ 







L_ 









L_ 




June 16, 1936 


The Mexican Bean Beetle in Mexico 


1001 


temperature of 17.2° C. and an average relative humidity of 66.6 
percent. 

Apparently the destruction of the bean plants by frost has much 
to do with the disappearance of the adult insects from the fields in 
the fall. In one instance beetles continued to feed and oviposit 4 
months beyond the time of their natural occurrence in the field. 
This was probably due to the favorable temperature and humidity 
maintained in a protected spot where beans were grown. It is not 
known where and how the adults pass the dry season in Mexico. 

Optimum conditions for the bean beetle are not found in the Valley 
of Mexico, if w’e consider temperature, number of generations, and 
injury done to beans. 


( 1 ) 

( 2 ) 

(3) 

(4) 

(o) 

((i) 

(7) 

( 8 ) ■ 

(9) - 

( 10 ) 
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Phytomonaa —Continued. Page 

Bavaatanoi — 

cause of olive galls, physio¬ 
logical studies- 983-951 

var. nerii. cause of oleander 

galls, physiological studies^ 933-961 
tumefaoiena, cause • of crown 
galls of plants, physiological 

studies_ 933-951 

PiEBBU, W. H.; Jacob, K. D. ; Bak- 
THOLOMKW, K. P.; Brown, B. 

E.; IlBiD, F. K.; and Tidmorb, 

J. W. : Nutrient Value of the 
l*hospiiorus In Calcined Phos¬ 
phate as Determined by Growth 
of Plants in Greenhouse Experi¬ 
ments_ 837—848 

Pigs— 

ieeding ground corn, experi¬ 
ments- 731-735 

inoculation with anti-swine-cry- 

sipelus serum, results- 75—76 

See alao Swine. 

PlNCKARD, J. A : Physiological 
Studies of Several Pathogenic 
Bacteria TJiat Induce Cell Stim¬ 
ulation in Plants_ 933-952 

I*Ine— 

lumber, blue-stain in, investiga¬ 
tions_ 789,790-795 

poderosa, mortality— 

analysis- 783-787 

and yield in Southwest, factors 

influencing it. K. Lexen— 777 -787 
soils, organic matter and otiier 
constituents of, effect of annual 
grass fires on. S. W. 

Greene_ 809-822 

PmuM ponderoaa. See Pine, pon- 
derosa. 

Plant growth, relation to nutrient 
value of phosphorus in calcined 
phosphate, greenhouse experl- 
nients. K. D. Jacob, K. P. Bar¬ 
tholomew, B. E. Browm, W. H. 

Pierre, F. R. Reid, and J. W. 

Tldmore_ 837-848 

Plants— 

absorption of selenium from 
soils, factors affecting. An 

nie M. Ilurd-Knrrer_413-427 

cell stimulation in, induced by 
pathogenic bacteria, physio¬ 
logical studies. J. A. Pinck- 

ard_ 933-952 

chemical composition, effect of 

magnesium deficiency on-500-561 

chlorosis caused by magnesium 

deficiency, studies_5r»;i—561 

crop, effect of inagiiesium defi¬ 
ciency on. A. B. Beaumont 

and M. E. Snell-.553-562 

gr(»wn in toxic concentrations of 
boron, histologi<*al character¬ 
istics. Irma K, Webber_189-194 

weight and phosphorous content, 
effect of phosphates on, stud¬ 
ies_ 841-843 

Plummer, C. C., and Landis, B. 

J.: The Mexican Bean Beetle in 

Mexico_ 989^-1001 

Porthetria diapar. See Gypsy moth. 

Pratt, I.; Ackbrt. J. E.; Eisbn- 
BRANDT, L. L.; Wilmoth, J. H.; 
and Gladinq, B. : Comparative 
Resistance of Five Breeds of 
Chickens to the Nematode 

oaridia lineata (Schneider)- 607-624 

Protein in oranges— 

isolation method-174—175 

nitrogen distribution-175-176 

l^rotelns, dilute alkali-soluble, of 
healthy Valencia and Washing¬ 
ton navel orange fruits, isola¬ 
tion and distribution of nitrogen 
in. W. B. Slnclaii^ B. T. Bar¬ 
tholomew, and B. D. Nedvldek- 173-180 


Prune trees, boron injury, histo- Page 

logical study_ 189-193 

Paeudaonidia dupleec. See Cam¬ 
phor scale. 

Pailodora sp., distribution, habits. 

development, and hosts- 485-487 

Puccinia —» 

coronata avenae^ infection, ef¬ 
fect on yield and water re¬ 
quirement of oats- 387-411 

gramimaj uredlal stage, develop¬ 
ment, effect of leiniieraiure 
and light on. Leonard W. 

Mftlaiider- 861—880 

Pullets— * 

broodiness. relation to egg pro¬ 
duction - 585—586 

egg laying, correlation studies. 573-688 
sexual maturity, relation to egg 

production_578-579 

Quinn, Joseph P, ; Knox, Charles 
W.; and Jull, Morley A.; Cor¬ 
relation Studies of Egg Pro¬ 
duction and l^ossible Genetic 
Interpretations- 573-589 


Randolph, L. F. : Cytogenetics of 

Tetrnplold Maize_ 591-605 

Raper, Kenneth B. : Diotyoate- 
lium diaetjideum, a New Species 
of Slime Mold from Decaying 

Forest Leaves-136-147 

Raspberry cane gall, physiological 

studies__ 933-951 

Hat, intestinal muscle of, effect of 

gossypol upon. L. A. Moore_ 899-909 

Rations, corn, energy, and pro¬ 
tein utilization by rats, experi¬ 
ments- 1-36 

Rats— 

feeding rye containing ergot, 
effect, experiments. 1). W. 

Johnson and L. S. Palmer- 39-45 

growth, effect of ergot upon, 

experiments- 39-40, 41-42 

utilization of energy-producing 
nutriment and protein in 
white and yellow corn, ex¬ 
periments_ 1-.30 

Redtop, yield and chemical com¬ 
position, experiments_712-715 

Regression coefficients, partial, 

calculation mctliod- 68-69 


Ukid, F. R. ; Jacob, K. D. ; Bab- 
THOLOMBW% R. P. : BROWN, B. 

E.; Pierre, W. II.; and Tid- 
MORE, J. W. : Nutrient Value of 
the Phosphorus in Calcined 
Phosphate as Determined by 
Growth of Plants in Greenhouse 

Experiments_837_84g 

Phisopus —> 

infection and decay of sweet- 

potatoes, factors affecting_ 286, 

287-298, 324-327 
soft rot, of sweetpotatoes, fac¬ 
tors affecting, studies_ 286, 

287-298, 324r-32T 

Rice leaves— 

anatomy- 83-89 

Infection with Helminthoaporium 
oryzae, histological studies. 

E. C. Tullis_ 81-90 

Rickets, In rats, effects of white 

and yellow corn, experiments_19-21, 24 

Roberts, U. A. ; Some North 
American Parasites of Blow¬ 
flies_ 479-494 


Rotenone— 

compounds, toxicity— 
effect of changes in constitu¬ 
tion on--•- 

new criterion for comparison 
with respect to concentra¬ 
tion and time. W. H. Gers- 
dorff--- 


897 


881-888 
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Kotenone—Page 
derivatives, constitution and 
toxicity, quantitative rela¬ 
tionship between. W. A. 

Gersdorff-- 893-898 

toxicity, comparison, new crite¬ 
rion for with respe ct to con¬ 
centration and time. W. A. 

(Jersdorff_ 881 891 

Rupel, I. W.; Casum. L. E ; an<l 
(Miapman, a. B. : Ovarian De¬ 
velopment ill Calves--953-000 

Uye— 

Infected with ergot, nutritive 
value for rats and swine. D 
* W. Johnson and L. S. Pal¬ 


mer — -- 39 45 

stem rust, development, studies-, 801-879 
Ryegrass, nutrients, digestibility 
and aval’ability, effect of artl- 
fical drying on__15U-103 

Sand, Norfolk, decomposition r;ite 
of organic matter In, as mea.s- 
ured by formation of carbon 
diuxld(' and nitrates. Charles 
E Bell__ _ 717 73 ) 


Scale, camphor, tiee Camphor 
scale. 

SciiOENiNO, n. W. ami Ckebcii. 

G. T.: Serological Studies of 

Swine Erysipelas with Particu¬ 
lar Reference to Aggliitliritloii 71-79 
SvleroHum hutaticoln, infection of 

BW’eetpotatoes, factors affecting 316-327 
SvolytuH — 

beetles, earriers of Trichottpori- 

um sytnhioticum _ _ _ 531-532 

wnirnlia. asso<*iation with Ttl- 
choftporitim ttymhioticum, n. 
sn.. w<M>d-staliilng fungus 

Ernest Wright_ 525-538 

Selenium— 

absorption from soils by plants, 
fne(o"s ntfecting. Annie M 

Hurd-Karrer.. .. __ 413-423 

toxleltv to wheat plants, factors 

affecting, . __413-420 

Shkaly, a. L : Becker, R K : 

Neal, W. M. : and Arnold, P T. 

Drx : A Studv of the Palatahll- 
itv and Possible Toxieltv of 11 
Species of Crofalaria, Especially 


of C. ftpectaWlH Roth„_911-922 

Simpson. T) M.— 

Dormnnev and Maturity of Cot¬ 
tonseed - 429-434 

Relation of Moisture Content 
and Method of Storage to De¬ 
terioration of Stored Cotton¬ 
seed- 440-450 

and Stone. B. M. : Viability of 
Cottonseed as Affected by 
Field Coriditlops__435-447 


Sinclair, W B : B^rthotomew, 
Fi. T.: and Nedvtdek. R D : 
The Isolation and Distribution 
of Nitrogen in Dilute Alkali- 
Soluble prote’ns of Healthy 
Valencia and Washington Navel 


Orange Fruits_173-189 

Slime mold, Dictyofttcllum din- 
voideum, a new species from de- 
njylng forest leaves. Kenneth 

B. Raper-135-147 

Smith. Charles L.. and Thor, 
CLip'oRD.J.B : A Physiological 
Study of Seasonal Changes in 
the Composition of the Pecan 

during Fruit Development_ 97-121 

Smut, reactions of corn to, experi¬ 
ments_ _ 47-56 

Snell. M. E . and Beaumont, 

A. B.: The Effect of Magnesium 
Deficiency on Crop Plnnts^^.,- 553-662 
Sodlnm selenate. toxicity to 

wheat, experiments-415-424 


Soil— 

clay, heavy, soil-moisture ex¬ 
traction 111 , relation to pear 
root concentration, W. W. 

Aldrich. R. A. VV\irk, and 

M. U. Lewis_ 976 988 

moisture— 

effect on freesslng of winter 

wheat, experiments- 629-030 

extraction in heavy clay soil, 
relation to pear root con¬ 
centration. W W Aldrich. 

R. A. Work, and M. II. 

Lewis-- 975-988 

sulphur content, effect on ub- 
Horplion of selenium by 

plants- 41^^20,425 

t.vpes, effect on yield and com¬ 
position of oats and vetch. 

G. D. Baker and S. C Vande- 

caveye_- 901-974 

Soils- 

magnesium-tlertcient, relation to 

chlorosis in plants_ 553-502 

.selenium (ontent. ebsorption by 
idants. factors affecting. An¬ 
nie M. TTiird Karrer__413-427 

virgin longloaf pine, effect of 
aiitnial grass fires on organic 
matter and other constituents 

S W Greene__ _ 809 822 

Sor^o— 

absorption of selenium from 

soils, factors nffectfng.,-__ 413 415 
y RUgarcarw' hybrids, morpho¬ 
logical characters, compara¬ 
tive studies B A Bourne 539-552 
Soiith(‘rn States, logs and lumber 
in. fungi including five new spe¬ 
cies causing stain in. Ross W. 


Davidson___ 780-807 

uithwest. pondorosa pine, yield 
and mortnlitv. faetors influenc¬ 
ing. B R L''xen___ _ 777-787 


Spinach. c’’’o»* 0 'S!f<! caused bv mag¬ 
nesium deficiency, studv 555. 557. 558 5559 
Stone B M and Simpson, 

D. M : Vinbilitv of rottonseed 
as Affected bv Field Tonditlons- 435-447 
Storage rot fungi, infection and 
decay of sweetpotntoes, factors 

affecting. J. I. Laiirltzen—_ 285-329 

Strawberries— 
chemical- - 


composition and resistance to 

puncture, analyses_ 650-659 

constituents, relation of 
changes to puncture resist¬ 
ance. studies__ 004 -079 

der^l'^nment. nhvsfoToe* ^ »i 

changes, tests- 000 004 

preserving, requirements_088-092 

ripening, chemical changes_ 003 604 


Strawberry— 

development and rlneniug 
physiological study. Charles 
W. Culpepper, Joseph S Cald¬ 
well. and Hubert H Moon 0-15-090 
iiHlizatlon. relation of chemical 

and physical characters to_ 687-692 

varieties, physiological studies.- 081-087 
Stritar. J. ; OsPTTRN O. L : nnd 
Wbrkman, C. H. : The Thermo¬ 
philic Fermentation of Beet 

Pulp- 165-172 

Strom ^N, O. N. : Procedure for 
Rapid Calculation of Multiple 

Correlation Coefficients..- _ 59-69 

Strophoniyle9 rust, comparison 

with bean and cowpea rusts_ 742 

Sturmia soutellatay parasltizatlon 
by Brachymeria compailurae^^ 617-518, 

520 

Sudan grass, growth, relation to 
nutrient value of phosphorua on, 
greenhouse experiments_ 841-846 
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Sngar-bef't leaf hopper, agent in Page 
Mpreud of curly top virus, study. 'Z12- 
2i:i. 219-222 

Sugar beets— 


bacterial pocket rot, causal 

organism, studies_938-961 

sources of curly top virus, 

studies_212-217 

stand variations, effect on yield 
and Quality under Irrigation. 

H, K. Brewbaker and G. W. 

Deming-195-210 

Sugarcane X sorgo hybrids, mor¬ 
phological characters, compara¬ 
tive study. B. A. Bourne- 680-552 

Sulphur content of soil, effect on 


ubsorption of selenium by 

plants_ 417-420,425 

Surtace rot of swe. tpotatoes, fac¬ 
tors affecting_ 301-808,824-827 

Sweet potato, five varieties of, vita¬ 
min A content. P. L. MacLeod, 

M. R. Armstrong, M. E. Heap, 

and L. A. Tolbei t_181-187 


Sweetpotatoes— 

infection and decay by certain 
storage rot fungi, factors 

affecting. J. I. Lauritzcn- 285^-329 

storage— 

effect on vitamin A content, 

experiments-181-186 

rolh, factors affecting. —_ 285-329 

vitamin ' <*ontent ot live varie¬ 
ties. F. L. MacLeod, M. R. 

.Vriust oiitt, M. L Heap, and 

L. A. Tolbert.. 181-187 

Swift, R. W. ; Braman, Winfkbd 
W, ; Black, Alkx ; Kahlen- 
BBUG, O. J.; VoBis, LElloy; and 
P<»ui»Ks. L H : 8'tie I' ili/ntiou 
of hhiergy-Ptoduciiig Nutriment 
and I'roteiu in Wnite and Yel¬ 
low Gorn find in Diets Deficient 


in Vitamins A, D, and G_ 1-37 

Swim*— 

erysipelas, serological studies 
with particular ret\‘rence to 
agglutination If W S( Iioi'ii- 

iiig and G. T. Creech- 71-79 

feed conMiinplion. eltecl (»f 

ergot upon, experiments_ 43-44 

feeding rye containing ergot, ex¬ 
periments. D. W. .lolinson 

and L, S. Palmer- 39-45 

growtli, effect of ergot upon, ex¬ 
periments _ 42-43 

Infection With Erpaipelothriw 

rhuHiopathiaCj, experiments- 71-74 


Temperature— 
effect on— 

activity of curly top virus, 

expeHineuts_ 

development of uredial stage 
of PurHnia fjraminis. Leon¬ 
ard W. Melander- 

Infection and decay of sweet- 

potatoes, studies- 

Mexican b('au beetle in 

Mexico- 

productivity of camphor scale, 


settling of camphor scale, 

study_ 

of artificial drying, effects on 
digestibility and availability of 
nutrients In pasture herbage. 
R. E. Hodgson, J. C. Knott, 
R R. Graves, and H. K. 

Mnrer_ 

winter, effect on bud sports of 

Montmorency cherry- 

Temperatures, low. Injury to 
flower buds of Montmorency 
cherry. V. R. Gardner- 


226-229 

861-880 

286-327 

994-995 

246-247 

260-202 


149-164 

465-469 

563-572 


Teosinte, perennial and n)aize» Page 
tetraploid hybrid of. G. N. 

Collins and A. E. Longley-128-133 

Tetraploid hybrid of maize and 
perennial teosinte. G. N. Col¬ 
lins and A. E. Longley-123-133 

Tetraploldy, study in maize bf- 

brlds.—J_-_ 123-133, 696-603 

Thor, Clifford J. B., and Smith 
Charlbs L. : A Physiological 
Study of Seasonal Changes in 
the Composition of the Pecan 

during Fruit Development- 97-121 

Tiomorb, j. W. ; Jacob, K. D. ; 
Bartuolohbw, R. P. ; Brown, 

B. B.; PiKRRB, W. H.; and 
Rbid, F. R. : Nutrient Value of ♦ 
the Phosphorus In Calcined 
Phosphate as Determined by 
Growth of Plants In Greenhouse 

Experiments_ 887-848 

Timothy— 

stem rust, development, studies. 861-879 
yield and chemical composi¬ 
tion_ 712-716 

Titus, Harry W. ; DhVanby, 

Grace M. ; and Nestlbr, 

Ralph B. : Vitamin A Content 
of Eggs Produced by Chickens 
Fed Viosterol and Various Per¬ 
centages of Cod-Liver Oil_ 853-860 

Tobacco, chlorosis caused by mag¬ 
nesium deficiency, study_ 658, 562 

Tolbert, L. A ; MacLeod, F. L. ; 
Armstrong, M. R. ; and Heap, 

M. E.The Vitamin A Content 
of Five Varieties of Sweetpo- 
tato_181-187 


Toxicity, rotenone, new criterion 
for comparison with respect to 
concentration and time. W. A. 
Gersdorfl*- 881-891 


Triholium confusum Duval,^ vita¬ 
min 1> needs, and phosphorus 
content and requirements, 
study. J. W. Nelson and L. 

S. Palmer_ 849-852 


Trivholaena rosea, decomposition 
rate in Norfolk sand, experi¬ 
ments_ 717-729 


Trichopria hirtioollis, parasitism 

on blowfly pupae- 481, 491 

Trichosporium symhioticum, n. 
sp.— 

association with S^colytus t?en- 

tralis. Ernest Wright_ 525-538 

cultural characteristics and 

morphology- 527-629 

moisture relationship tests_ 536-637 

occurrence and dissemination by 

SrolptUH ventralis _ 529-532 

pathogenicity tests_ 582-536 

technical description_ 627 

Tdllis, E. C, : Histological Stud¬ 
ies of Rice Leaves Infected 
with Uelminthosporium oryzae^ 81-90 


Turnips, chlorosis caused by mag¬ 
nesium deficiency, study- 664, 

Uromyces phaseoli — 
typica — 

cause of bean rust, studies. 
L. L. Harter, C. F. An¬ 
drus, and W. J. Zau- 

nieyer_ 

development, environmental 

factors- 

spore forms, studies_ 

Hee also Bean rust. 
vignae, comparison with C7ro- 

wyeas phaseoli typica - 

UstUago zeae collections, field re¬ 
action of varieties and selfed 
lines of corn to. J. J. Christen¬ 
sen and I. J. Johnson- 


555, 568 


737- 759 

742-745 

738- 742 

741-742 

47-57 
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VANDHCAVEiE, S. C.. attd Bakiqu, 
G. O.; Effect of Fertilizers, 
Soil Type, and Certain Climatic 
Factors on the Yield and Com¬ 
position of Oats and Vetch- 

Vegetable^ chlorosis caused by 
maguesraiii deficiency, studies- 
Vein spot disease of pecan foliage, 
fungus causing, perfect stage of, 
Gnomonia nervUtvda. J. R. 

Cole- 7 

Vetch, .composition and yields, et- 
fect of fertilizers, soil type, and 
certain climatic factors on. 
G. O. Baker and S. C. Vnnde- 

caveye- 

^Una sinensis. iSee Cowpea. 
Viosrf^erol, feeding to chickens, ef¬ 
fect on vitamin A content of 
eggs. Grace M. DeVuney, Harry 
W. Titus, and Ralph B. Nesfler- 
Vitamin— 

A— 

content of— 

eggs, production by feeding 
cliickcns viosterol and 
percentages of cod-liver 
oil. Grace M. DeVaney, 
Harry W. TItUh, and 

Ralph B. Nestler- 

five varieties of sweetp(»- 
tato. F. L. MacLeod, M. 
R. Armstrong. M. E. 
Heap, and L. A. Tolhert. 
deficiency In corn, experiments 
with rats-- 

D— 


deficiency in corn, experi¬ 
ments with rats— - 

requirements of Trihulium 

oonfusum, study_ 

G, deficiency In corn, experi¬ 
ments with rats- 

VoRis, LbUoy; Braman, WrNFiiKD 
W.; Black. Albx; Kahlenbkkg, 
O. J.; Swift, R. W. ; and 
Fokrbs, E. B. : The Utilization 
of Energy-Producing Nutriment 
and Protein In White and Yel¬ 
low Corn and in Diets Deficient 
in Vitamins A, D, and G- 


Page 

961-074 

554-561 


91-06 


961-974 

853-800 


853-8(iO 

181-IS7 
-6, 13-1‘ 

19-26 

849-852 

26 - 


1-37 


Walker, J. C., and Anderson. 

M. E.: Histological Studies of 
Wisconsin Hollander and Wis¬ 
consin Ballhead Cabbage in Re¬ 
lation to Resistance to Yellows.. 823-8.36 
Weather— 

data at Acclimatization Field 

Station, 1931-3.3_ 4.36-437 

factor In germination of cotton¬ 
seed-43,5_44e 

Webber, Irma E. : Histological 
Characteristics of Plants Grown 
In Toxic Concentrations of 

Boron-189-194 

Werkman, f\ H,; Osburn. O. 

L.; an<i Strttar, J.: The Ther¬ 
mophilic Fermentation of 

Beet Pulp_ 165-172 

Whe.nt — 

freozins tests, artificial, technic, 627-632 
grain yield among 1,500 nursery 
plots, variation and cor- 
relation. Gustav A. Wiebo— 331-357 
Jointwo»-m— 

control, recommendation- 367-368, .384 
gall— 

mlcrochemical tests and tls- 


Wheal—Conilnued. Page 

jointworiu—Continued, 
gad—Contlnuc'd. 

morphology and biology. 

VV. J. idiillii)s and F. F. 

Dicke_ 369-386 

seasonal history_ 369-377 

stimulus, investigations— 379-383 
See also JIarmolita tritiei. 
nurs«*rj plots, 1,600, vjiriatlou 
and correlation in grain yield. 

Gustav A. Wiehe_331-.357 

plants, absorption of selenium 

from soils, factors affecting_413-426 

seedlings, ago, effect on cold 

resistance- 629 

stem— 

gall. /See Wheat jointworm 
gall. 

rust, development, studies_ 861-879 

winter— 

cold-resistance inheritance, 
with preliminary studies on 
technic of artificial freez¬ 
ing tests. W. W. Worzclla- 625-6.35 
hardening against freez¬ 
ing, experiments_ 628 

WiEBE, Gustav A : Variation and 
Correlation in Grain Yield 
among 1,,500 Wheat Nursery 
Plots- -.331-.357 

Wilmoth. J. H.: Ackert. J K.; 
Eisenbrandt, L. L. ; Gladino, 

B.; and 1'ratt, I. : Comparative 
Resistance of Five Breeds of 
Chickens to the Nematode A«- 


carldia lineata (Schneider)_ 607-624 

Withrow, Robert B. : A Photo¬ 
electric Device for the Rapid 
Measurement of Leaf Area_ 637-643 

Wood-staining— 

fungi occurring in Southern 

^ates. study- 789-806 

fungus, Trichosporium symhioiU 
cum, n. sp., associated with 
f^GoJytus rentralis. Ernest 
Wright_ 525-538 

Work, R. A.; Aldrich. W. W. ; 
and Lewis, M. R. : Pear Root 
Concentration in Relation to 
Soil-Moisture Extraction in 
Heavy Clay Soil_ 975-088 

Worzella. W. W. : Inheritance of 
Cold Resistance in Winter 
Wheat, with Preliminary Stud¬ 
ies on the Technic of Artificial 
Freezing Tests_ 625-6.36 

Wright. Ernest : Trichosporium 
symbioticum, N. Sp., Wood- 
Staining Fungus A.ssoclated with 
Brolytus ventratis _ 525-638 

XyaJosema — 

armaia, distribution and hab¬ 
its_ 487-488 

sp., distribution and habits- 488-489 

Yellows in cabbage, resistance of 
Wisconsin TTollauder and Wis¬ 
consin Railhead varieties, his¬ 
tological studies. M. E. Ander¬ 
son and .T. C. Walker_ 823-836 

Eaumbyer, W. j. ; Harter. L. L. ; 
and Andrus. C. F. ; Studies on 
Bean Rust Caused by Uromyoes 
phaseoU fypica^ _ 7.37-759 
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